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Since i ts  e s ta b lish m e n t in  1973, th e  A qua­
c u ltu re  D e p a rtm e n t (AQD) of SEA FD EC  h a s  
a d h e red  closely to  its  m a n d a te d  functions:
• P rom ote  a n d  u n d e r ta k e  a q u ac u ltu re  re ­
sea rch  re le v a n t a n d  ap p ro p ria te  for S o u th e a s t 
Asia;
• D evelop h u m a n  resou rces for aq u acu ltu re  
developm ent in  th e  region;
• D issem in a te  a n d  exchange in fo rm ation  
on a q u ac u ltu re ; an d
• U n d e rta k e  such  o th e r ac tiv itie s  as m ay  be 
d e te rm in ed  by th e  govern ing  SEA FD EC  C oun­
cil of D irec to rs  com posed of h igh-level govern­
m e n t officials, one from  each  of th e  M em ber 
C oun tries: J a p a n , M alaysia , th e  P h ilipp ines, 
S ingapore, an d  T h a ilan d .
AQD conducts co n tin u in g  
re se a rc h  on th e  c u ltu re  of 
econom ically  im p o r ta n t spe­
cies in  th e  reg ion . In  sh rim p  
c u ltu re , AQD h a s  g e n e ra te d  
technolog ies on broodstock  
m a tu ra tio n  a n d  spaw ning , 
la rv a l re a r in g , d ie t fo rm u la ­
tion , a n d  d isease  p rev en tio n  
a n d  control. F o r m ilkfi sh, 
technology tr a n s fe r  h a s  been  
ach ieved  on b roodstock  m a tu ­
ra tio n , sp aw n in g , egg collec­
tion , la rv a l re a r in g , an d  fry 
p roduction . S ig n ifican t a d ­
vances h av e  b een  m ade in  
m a tu ra tio n , in d u ced  sp aw n ­
ing, an d  la rv a l re a r in g  of sea 
b a ss  a n d  s ig an id s , a n d  in  th e  
in d u ced  sp aw n in g  a n d  seed 
p ro d u c tio n  o f carps.
W ith in  th e  y ear, a  to ta l o f 44 scien tific  p a ­
p ers  p u b lish ed  in  local a n d  fo reign  jo u rn a ls , 
p roceed ings a n d  books re su lte d  from  AQD-con­
duc ted  re se a rc h  s tu d ie s . V erified  re s u lts  w ere 
techno-packaged  in to  ex ten sio n  m a te ria ls .
AQD’s s ta tu re  in  th e  scien tific  com m unity  
h a s  been  recognized  by  th e  a w ard s  i t  h a s  won 
for scientific  p ap ers . In  1989, AQD w on th e  
B est P a p e r  A w ard  in  th e  F ish e rie s  a n d  A quatic  
C ategory  in  th e  f ir s t  N a tio n a l R esea rch  Sym po­
sium  sponsored  by th e  D e p a r tm e n t of A gricu l­
tu re -B u re a u  of A g ric u ltu ra l R esearch .
S h o rt-te rm  tra in in g  cou rses con tinued  to 
be offered, b ased  on th e  a q u a c u ltu re  tra in in g  
needs of SE A FD EC  M em ber C o u n tries .
D u rin g  th e  la t te r  p a r t  of th e  y ear, AQD 
lau n ch ed  th e  sea fa rm in g  a n d  co as ta l en h an ce ­
m e n t p ro ject to  im prove th e  q u a lity  of life in  im ­
poverished  coasta l com m unities . To rea lize  
th is  objective, as  w ith  th ose  o f its  o th e r pro jects, 
AQD con tinues to s tre n g th e n  its  lin k ag e  w ith  
va rio u s  g o v ern m en ts  and  n a tio n a l a n d  in te rn a ­
tiona l o rgan iza tions.
RESEARCH
T he 1989-1991 re sea rc h  p ro g ram s of th e  
D e p a rtm en t w ere firm ed up  d u rin g  a  ro u n d tab le  
d iscussion  h e ld  a t  th e  T ig b au an  M ain  S ta tio n  
on 4 F e b ru a ry  1989.
T he d iscussion  focused on c u rre n t problem s 
faced by th e  sh rim p  in d u s try  a n d  th e  coastal 
c o m m u n itie s  a n d  on possib le a lte rn a tiv e  spe­
cies for a q u ac u ltu re . I t  w as p a rtic ip a ted  in  by 
th e  academ e, th e  p riv a te  sector, an d  th e  re ­
sea rch  in s ti tu tio n  re p re se n te d  respective ly  by 
p rofessors of th e  U n iv e rs ity  of th e  P h ilipp ines, 
in d u s try  c o n su ltan ts , an d  re sea rc h e rs  of AQD.
Stud ies
S e a  B a s s  (L a te s  ca lca rife r )
•H o rm o n a l in d u c tio n  o f  o ff-sea so n  g o n a d a l m a tu ­
r a tio n  an d  sp a w n in g  o f  sea  b a ss  (L a te s  c a lc a ­
r i fe r ) b ro o d sto ck .
M atu re  sea b ass in jected  once in tram uscu larly  
w ith 20 µg lu te in iz ing  horm one-releasing  horm one a n a ­
logue (LH RHa) p er kg body w eight a t  1100 or 1700 H 
spaw ned a t  daw n or 33.7 to 40.0 h  post-injection. Injec­
tion a t  2300 or 0500 H resu lted  in spaw ning during  the 
day or 38.0 to 47.3 h post-trea tm en t. M ean egg produc­
tion levels (26.8-34.4 x 104/kg body weight) were signifi­
cantly  h igher am ong daw n-spaw ners com pared with 
daytim e spaw ners. T hese re su lts  dem onstrate  th a t  the 
tim e of in itia l spaw ning  varies w ith the  tim e of day th a t 
LH RH a was in jected  and th a t  the num ber of eggs shed is 
influenced by th e  tim e of day th a t  sea bass spawned.
AQD researchers, U niversity  of th e  P h ilipp ines professors, 
an d  rep resen ta tiv es  from  the  p riva te  sector discuss priority  
a re as  for research  an d  developm ent, F eb ru ary  4, 1989.
•D ev e lo p m en t o f  r e a r in g  te c h n iq u e s  fo r  sea  b ass  
(L a tes  c a lc a r ife r )  la rv a e  in  f lo a t in g  c a g e s  in  
co a s ta l w a ters .
Four age groups of sea b ass  fry  (2-, 15-, 21-, and 
37-day old) were stocked in n e t cages (1 x 1 x 1.5 m; 0.5 
mm m esh) a t 500-5000 fry  per cage. F ish  were fed 
chicken egg slurry , la te r  w ith  m inced fish flesh. M ass 
m ortality  occurred 2 an d  15 days a fte r stocking respec­
tively for 2-day old and  15- an d  2 1-day old fish. Following 
30 days of rearing , 37-day old fry had  4.5-7.1% survival, 
13-14 mm length , and  69-97 m g weight.
•E v a lu a tio n  o f  M o in a  m a c ro c o p a  a s  a lter n a t iv e  
l iv e  food  fo r  re a r in g  m a r in e  fish  larvae: I. U se o f  
M oin a  a s  p a r tia l o r  co m p le te  su b s titu te  for  
A r te m ia  b io m a ss in  re a r in g  p o s tla r v a l se a  b a ss  
(L a tes  c a lc a r if e r ) w ith  o r  w ith o u t  g re en  w ater .
Fifteen- and  30-day old sea b ass larvae had  
sim ilar growth ra te s  when fed M oina, A rtem ia  or their 
combination. L arvae a t  10 p p t h a d  low er survival ra te s  
when fed M oina  alone or in  com bination w ith A rtem ia  
th an  those fed A rtem ia  alone a t  32 ppt. Twenty-five-day 
old larvae consum ed m ore M oina  th a n  15-, 20-, and 30- 
day old ones irrespective of tim e a fte r feed was given.
•H is to c h e m ic a l s tu d ie s  o f  th e  ea r ly  s ta g e s  o f  d e v e l­
o p m en t o f  th e  d ig e s t iv e  tr a c t o f  se a  b a ss , L a te s  
c a lc a r ife r  B lo ch . (T h esis  R esea rch )
The digestive tra c t of new ly h a tch ed  sea bass 
larvae is a sim ple tube which becomes d ifferen tiated  into 
esophagus, stom ach, and  in testin e  in  2-day old larvae. 
From  day 2 onw ards, a lkaline  p hosphatase  and  esterase 
were observed in  th e  in testine . E sterase  was fu rth e r 
localized in tensely  in  th e  esophagus of 5-day and  older 
larvae. A lkaline phosphatase , e s te rase  and  am inopepti­
dase were p re sen t in th e  pyloric caeca and  in testin e  of 20- 
day and older larvae. A t 30 days post-hatch ing  (end of 
m etam orphosis) and  onw ards, th e  digestive tra c t was 
already  well-developed and  th e  enzym es a lkaline phos­
phatase , esterase , am inopeptidase, lipase, p ro tease and 
am ylase were p re sen t in th e  pyloric caeca and  in testine .
•T h e in f lu e n c e  o f  te m p era tu re  a n d  s a lin ity  o n  th e  
o x y g en  c o n su m p tio n  o f  sea  b a ss  la rv a e , L a te s  
c a lc a r ife r  (B loch ). (T h esis  R esea rch )
Lates calcarifer larvae fed Brachionus  on days 2 
to 13, A rtem ia  nauplii on days 13 to 25 and  frozen 
subadu lt A rtem ia  on days 25 to 55 grew  and  m etam or­
phosed fa ste r a t decreasing sa lin ity  levels of from  30 to 10
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ppt. M ean body w eight and  leng th  w ere significantly 
d ifferent betw een  10 an d  15 ppt, 15 an d  20 ppt, and  20 
and  25 ppt. Surv ival ra te  w as h ig h est a t  15 p p t (96%) and 
low est a t  10 p p t (92%).
• In te g r a te d  cu ltu r e  o f  s e a  b a ss  an d  tila p ia : T he  
u se  o f  l iv e  t i la p ia  a s  fo o d  fo r  s e a  b a ss , L a te s  
c a lc a r if e r  (B loch ).
F ish  grown in  ea rth en  ponds in  polyculture w ith 
tila p ia  a tta in ed  h ig h er m ean  body w eight (106 g) and  
survival (31%) th a n  those in  ponds w ith  n e t p artitio n s 
(m ean body w eight, 82 g; survival, 22%) to sep ara te  the  
la rg e r prey  from  th e  p redato r.
• E co n o m ic  a n a ly s is  o f  a n  in te g r a te d  sea  b a ss  
(L a te s  c a lc a r i f e r ) p r o d u c tio n  sy stem .
P re lim inary  cost an d  re tu rn  com putations of sea 
b ass h a tch e ry  showed positive re tu rn s .
• E ffe c t o f  v a r io u s  d ie ta r y  l ip id  so u rce s  on  grow th , 
su r v iv a l a n d  fa t ty  a c id  p ro file  o f  se a  b a ss , L a te s  
c a lc a r if e r  B lo c h  fry .
Soybean oil, cod liver, and  coconut oil singly and  
in  com bination (1:1) w ere te s ted  as sources of d ietary  
lipid (a t 9% level) for sea  b ass  fry. A d ie t w ith 1:1 ra tio  of 
cod liver oil a n d  soybean oil gave th e  h ig h est grow th and 
survival followed by cod liver oil alone and  soybean oil 
alone. G row th an d  survival ra te s  were poor in the  
coconut oil d ie t and  poorest in th e  d iet with no lipid 
supplem ent. S u b s ta n tia l saving in feed costs could be 
realized if  soybean oil is p a r tly  su b stitu ted  for fish oil.
•A ltern a tiv e  so u r c e s  o f  p r o te in  fo r  f ish m ea l in  
L a te s  c a lc a r i f e r  d ie ts .
Soybean m eal (SBM), shrim p h ead  m eal (SHM), 
m ea t an d  bone m eal (MBM) w ere su b stitu ted  in  increas­
ing  proportions for fish  m eal p rotein  in  the  feed for 
juvenile  sea  b ass (m ean w eight = 0.67±0.14 g). After 
th ree  m onths feeding, survival ranged  from 46 to 83%. 
SBM, SHM  and  MBM pro tein  can replace respectively up 
to 10%, 20% an d  20% of th e  fishm eal (40% protein) diet.
In  p r o g r e s s :
•V erification s tud ies of h a tch e ry  production of sea bass, 
L a te s  calcarifer.
•Effect of tem p e ra tu re  an d  ra tion  size on grow th and  
energy u tiliza tion  of sea bass: Food consum ption, 
feeding ra te , sa lin ity  and  tem p era tu re  tolerance of sea 
b ass fry  and  fingerlings.
•Food consum ption of sea b ass  (Lates calcarifer) in cap­
tivity: Group feeding.
•R earing  of sea b ass fry in  various salinities.
•O sm otic and  chloride regu lation  in juvenile sea bass, 
Lates calcarifer Bloch.
G rouper  (Epinephelus spp.)
• In d u ced  sp a w n in g  a n d  la r v a l r e a r in g  o f  
g ro u p ers, E p in e p h e lu s  sp .
Seven m onthly  im p lan ta tio n s of 17 α -m eth­
y ltestosterone contained in  a  silastic capsule did no t 
induce ad u lt fem ale g rouper (3-9 k g  body w eight) to 
invert sex. A single im p lan ta tio n  of pelleted  lu tein iz ing  
horm one-releasing horm one analogue also did  n o t tr ig ­
ger spawning.
• In d u ced  s e x  in v e r s io n  in  ju v e n ile  g ro u p er , E p i­
n ep h e lu s  m a la b a r ic u s ,  u s in g  17 a -m eth yl-  
te s to s te r o n e .
Juven ile  fem ale grouper showed signs of sex 
inversion th ree  m onths a fte r biw eekly in jections of 17 α - 
m ethy ltestoste rone (MT) a t  doses ran g in g  from  0.5 to 5 
m g/kg body weight. Only fish  w eighing 1.2 k g  underw en t 
sperm atogenesis. M ilt w as expressed  from  both  control 
and  steroid-injected fish  six m onths a f te r  in itia tio n  of 
trea tm en t. MT a t  5 m g/kg body wt. s tim u la ted  active 
sperm atogenesis a fte r th ree  an d  six m on ths of t r e a t­
m ent. Gonad w eight an d  gonadosom atic index decreased.
• In d u ced  s e x  c o n tr o l in  ju v e n ile  g ro u p er , E p i­
n ep h e lu s  sp .
P relim inary  histological observations of the 
gonads ind icated  no sign ifican t differences betw een 
m ibolerone-fed and  control fish.
• D e v e lo p m en t o f  p r a c t ic a l d ie ts  fo r  g ro u p er  la r ­
v a e .
Five types of artific ia l feeds con tain ing  w hite fish 
m eal, m ysid m eal, squid m eal, squid  liver m eal, soybean 
m eal, fe rm ented  soybean m eal, w h ea t flour, soybean oil, 
and  v itam in  pow der w ere te s ted  on g rouper fry  (3.8-5.1 
cm). D iets w ith  30% soybean m eal, 25% squid  m eal, 25% 
squid liver m eal produced fry w ith  th e  h ig h est survival 
ra te  and  m axim um  increase in  body weight.
•Id e n tif ic a tio n  o f  b a c te r ia l d is e a s e s  a ffe c t in g  
g ro u p ers, E p in e p h e lu s  sp p .
Two phenotypic groups of Vibrio  w ere isolated  
from E pinephelus m alabaricus  broodstock show ing typ i­
cal signs of bac te ria l infection. Infected  fish responded 
well to tre a tm e n t w ith  oxytetracycline-H C l adm in i­
stered  via injection th rough  the  epaxial m uscles a t  25 mg/ 
kg  fish body w eight for 5 consecutive days.
C ases of vibriosis occurred am ong cage- and  tank- 
held grouper broodstock and  juven iles. A  sucrose-fer­
m enting  species of Vibrio  w as tes ted  for its  pathogenicity  
on h ea lth y  grouper fry (2 g). M ost of th e  fish  challenged 
by injection and  a com bination of in ju ry  an d  exposure to 
th e  bac te ria  died w ith in  two days. A m ong u n in ju re d  fish,
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mortalities were observed only in groups continuously 
exposed to the bacteria for 96 hours.
In progress:
• Development of grouper brood stock in floating net cages.
•Effects of dietary protein sources in grouper cultured in 
floating net cages.
G rouper (E pinephelus m alabaricus) w ith  vibriosis. Infected 
portions becom e necrotic, tu rn  w hitish , an d  the scales fall off.
M u lle t  (M u g il cephalus)
•Mullet broodstock development for fish propagation.
R a b b itf ish  (S ig a n u s  g u tta tu s )
•Application of thyroxine (T4) to female Siganus 
guttatus broodstock and its effect on larval sur­
vival.
Plasma thyroxine levels of thyroxine-injected 
spawners increased starting at 6 h post-injection, peaked 
at 24 h and declined at 48 h post-injection. Levels in 
control fish were consistently lower than in hormone- 
injected fish.
•Weaning of rabbitfish (Siganus guttatus) to arti­
ficial diets with different protein-to-energy 
ratios.
Comparisons were made on the growth, survival, 
and percentage metamorphosis of siganid larvae fed 
artificial diets with 15, 25, 35, 45, and 55% protein 
content. The diet with 35% protein gave optimal specific 
growth rate of the larvae. However, survival rates in all 
treatments were low (19-44%) compared to Artemia-fed 
larvae.
M ilk fish  (C hanos chanos)
•The influence of LHRHa, 17α-methyltestosterone 
and thyroxine on off-season gonadal maturation 
and spawning of tank-reared milkfish (Chanos 
chanos).
Groups of 19-20 6-year old milkfish were im­
planted with the hormones oil-based 17α -methyltestoster­
one (MT, 250 pg/fish in silastic capsule), LHRHa (200µg/ 
fish), and triiodothyronine (T3, 3 mg/fish) in cholesterol 
pellet to determine whether T3 alone or in combination 
with MT+LHRHa would enhance sexual maturation of 
tank-reared milkfish. Controls were implanted with oil 
in silastic capsule (SC, N=10) or cholesterol pellets (CP, 
N=10). MT was implanted bimonthly, whereas LHRHa 
and T3 were implanted monthly. Maturing females were 
obtained in February from MT+T3, T3 and CP one month 
after implantation. Percentage of maturing and mature 
fish increased in April in all groups. Cumulative percent 
maturation in May was highest in the control with 
silastic capsules (90%) and lowest in the control with 
cholesterol pellets (10%). Maturation rate of hormone- 
treated fish ranged from 25 to 50%.
• Isolation and characterization of a female-spe­
cific plasma protein (vitellogenin) in milkfish, 
Chanos chanos Forsskal.
Fractionation of plasma from estrogen-treated 
male and female adult milkfish in an Ultragel AcA 34 
column showed a single major peak representing a pro­
tein with a molecular weight of around 400 kDa. Peak 
levels of alkali-labile phosphorus in fractionated plasma 
samples also coincided with the major protein peak. A 
small peak in the elution profile of plasma from un­
treated male and female milkfish coinciding with a 66 
kDa protein had no detectable levels of alkali-labile P.
•National Bangus Breeding Program (NBBP).
Natural spawning of captive milkfish broodstock 
in floating cages was reported early this year at all IDRC- 
assisted project sites (Regions I, III, VII, XI). However, 
the number of eggs collected were very low. Hatchery- 
reared milkfish fry were not produced.
Maintenance of captive juveniles and subadult 
stocks in brackishwater ponds or in floating net cages at 
other project sites is in progress.
•Alternative feeding and rearing schemes in the 
larval rearing of milkfish.
Preliminary trials were done to compare flow­
through (30% and 100% turnover rates) and static sys­
tems (control) of water management for rearing milkfish 
larvae. Larval stocking density in flow-through tanks 
was 90 larvae/l, and in control tanks, 30 larvae/l. Bra­
chionus plicatilis was maintained at a density of 10
N ational B angus B reeding  P rogram , 1989: captive broodstocks 
in  floating  cages spaw ned  n a tu ra lly  a t  all project sites 
(Regions I, III, VII, XI). R ight (P angasinan), fish  is net- →  
ted  to be checked for sexual m a tu ra tio n .
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Dism antling o f fish pens in Laguna Lake (left) and decreasing popularity 
of shrimp culture due to foreign market price crash have increased the 
demand for milkfish, but technological innovations in pond culture of milkfish (right) are needed.
individuals/ml from day 3 to 9 and at 20 individuals from 
day 10 to 16. Artemia was fed from day 14 to 21 at 1 
individual/ml. Heavy mortality occurred beginning day 
3 in flow-through tanks, but the surviving larvae were 
more robust than those in control tanks.
• Socioeconomic analysis of the National Bangus 
Breeding Program (NBBP).
Economic indicators such as internal-rate-of-re­
turn and net-present-value showed negative figures up 
to the 15th year of an integrated milkfish broodstock and 
hatchery operation. Starting on the 16th year, however, 
there was an upward trend in the figures obtained. Thus, 
it will take more than 15 years for an integrated milkfish 
broodstock and hatchery operation to become profitable.
• Supplemental feeding of milkfish juveniles reared 
in modular ponds.
Two experiments were conducted to determine 
the effect of supplemental feeding on milkfish juveniles 
reared in modular ponds for 3 months. Fish were fed with 
supplemental diet on the last month of the culture period 
(T1 ) or only with natural food in the pond (T 2). Yields 
(kg/ha) in T1 and T2 were 611 and 338 respectively in 
Expt. I and 107 and 110 respectively in Expt. II. Survival 
rates were 96 and 53% in T1 fish in Expt. I and 53 and 63% 
in T2 fish in Expt. II. In both experiments, carcass 
protein were 66 and 62% in T1 fish and 72 and 69% in T2 
fish; crude fat, 19.2 and 18.7% for T1 fish and 10.0 and 
14.7% for T2 fish. Fatty acid profile of T1 fish resembled 
that of the diet. Of 105 respondents in a  palatability test, 
55% preferred T1 fish, 24% chose T2 fish, and 21% had no 
preference.
•Effects of dietary fiber on growth and production 
of milkfish (Chanos chanos) in brackishwater 
ponds.
After two months of culture, average body weight 
of fish (48 g) fed diets with or without rice straw compost 
were not significantly different. Replacement of up to 
75% diet with the compost supported optimum growth 
rate of milkfish at a standing crop of 336 kg/ha.
•Prevention of Aeromonas hydrophila infection 
among Chanos chanos (Forsskal) by vaccination.
Five strains of Aeromonas hydrophila were iso­
lated from milkfish fingerlings. These were pathogenic 
to scaled fingerlings. Flagellar and somatic antigens 
raised in rabbits against a pool of the five strains were
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tested on fingerlings by injection or immersion tech­
nique. Vaccinated milkfish were challenged with live A. 
hydrophila but results were inconclusive.
T ila p ia  (O reochrom is spp.)
•Development of a high-yield red tilapia strain 
through introgressive hybridization.
Twelve families have been successfully spawned 
out of the 15 single-pair matings between O. niloticus 
females from NIFI (National Inland Fisheries Institute, 
Thailand) and red tilapia males. After five months, fry 
production was 106-603 and survival rate, 0-73%. Only 
three families produced normal colored (grey) offsprings.
• Growth, feed utilization, and body composition of 
young red tilapia given diets with various pro­
tein and energy levels.
Red tilapia fry (0.160 g mean weight) were fed 
diets containing 25, 30, 35 and 40% protein and protein 
energy ratios (P/E) of 111, 100 and 80 mg protein/Kcal at 
each protein level. At P/E 111 mg/Kcal, mean body 
weight increased with increasing protein level. At lower 
P/E ratios, body weights increased initially and then 
decreased with increasing dietary protein. Feed conver­
sion efficiency (FCE) and protein efficiency ratio (PER) 
increased as P/E ratio decreased from 110 to 80 mg 
protein/Kcal at 25 and 30% protein. There was no trend 
in the changes of FCE or PER at the other protein levels.
• Development of salinity-tolerant strains/hybrids 
of Oreochromis niloticus for brackishwater cul­
ture. II. Growth performance of O. niloticus, O. 
mossambicus, and their F1 hybrids at various 
salinities.
Although Oreochromis niloticus, O. mossambi­
cus, and their F1 hybrids can be acclimated and grown at 
various salinities, optimum ranges for their good growth 
and survival varied greatly. The salinity ranges for good 
growth of O. mossambicus, O. niloticus, and their F1 hy­
brids were 15-32 ppt, 0-10 ppt, and 15-32 ppt, respec­
tively. Salinity of up to 22 ppt had no significant effect on 
survival of all test strains; however, at 25-32 ppt, survival 
of O. niloticus was significantly lower than for O. mos­
sambicus and their F1 hybrids.
• Changes in plasma osmolality and chloride con­
centration during abrupt transfer and acclima­
tion of tilapia strains to test salinities.
Oreochromis mossambicus, O. niloticus, and their 
F1 hybrids with mean weight of 25 g can tolerate abrupt 
transfer from freshwater to 15 ppt. Abrupt transfer to 32 
ppt resulted in mass mortality of O. niloticus and F1 
hybrids in 6 and 36-54 h, respectively. O. mossambicus 
can tolerate abrupt transfer to 32 ppt.
•Development of genetic evaluation and selection 
criteria for tilapia broodstock. I. Effect of crowd­
ing on survival and growth of strains of Oreo­
chromis niloticus juveniles.
Growth rates of three Nile tilapia strains were 
slower in a crowded than in a less crowded condition. 
However, the Israel strain showed a significantly higher 
growth rate than did the strain from CLSU (Central 
Luzon State University, Nueva Ecija, Philippines).
•Development of genetic evaluation and selection 
criteria for tilapia broodstock. II. Effect of 
salinity stress on survival and growth of strains 
of Oreochromis niloticus juveniles.
Growth rates of three Nile tilapia strains were 
significantly higher in freshwater than in saltwater. 
Growth was similar for all strains in saline water.
•Development of genetic evaluation and selection 
criteria for tilapia broodstock. IV. Effect of 
restrictive and non-restrictive feeding on growth 
of strains of Oreochromis niloticus.
Although restrictive feeding retarded growth in 
all tilapia strains tested, the Israel strain appeared to 
perform better than either the NIFI (National Inland 
Fisheries Institute, Thailand) or the CLSU strains under 
a non-restricted or restricted feeding regime. Restricted 
feeding did not cause any discernible morphological 
abnormalities of the scales in all three strains tested.
Genetic evaluation , hybrid ization , selection, an d  feed u tili­
zation are  em phasized in  research  on ti la p ia  (Oreochromis 
niloticus, O. m ossam bicus).
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In progress:
•Growth performance evaluation of two Oreochromis 
niloticus strain in two lake environments.
•Effects of prolonged exposure to low level heavy metals 
on two Nile tilapia strains.
C a tfish  (C larias m acrocephalus)
• Broodstock development and induced spawning 
of Clarias macrocephalus Gunther: Induced 
spawning using LHRHa and pimozide.
Gravid catfish spawned 16-36 h after injection of 
LHRHa (0.005-0.10 µg/g body weight) combined with 
pimozide (1 µg/g). Fertilization, hatching and larval 
survival rates were higher among hormone-injected fish 
than in control. LHRHa (0.005-0.02 gg/g) and pimozide 
(0.5-2 µg/g) injected separately did not induce oocyte 
maturation and ovulation.
Plasma estradiol-17 β (E2) levels were higher in 
catfish which failed to spawn after a single injection of 
0.02 gg/LHRHa/g than in the other hormone-injected 
groups. These peaked at 12 h before dropping to low 
levels at 36 h post-injection. No significant differences in 
levels of plasma testosterone and 17 a, 20 B dihydroxy-4- 
pregnen-3-one were observed among treatment groups.
B ig h e a d  C arp  (A ris tich th ys  nobilis)
• The effect of dietary carbohydrates, lipid and 
energy on growth, feed efficiency, protein utili­
zation and tissue composition of bighead carp 
(Aristichthys nobilis) fry. (Thesis Research)
Semi-purified diets containing three levels of 
lipid (4.26, 5.93, and 6.95%) and carbohydrate (42, 48, 
and 53%) to give different total dietary energy levels at 
two protein levels (28.9 and 37%) were fed to bighead carp 
fry (mean weight, 0.045-0.052 g). Growth of fry fed diets 
with higher protein level was significantly high. In­
creases in dietary lipid and carbohydrate depressed 
growth, and increases in protein and carbohydrate levels 
decreased protein efficiency ratio. Bighead carp fry 
performed better with diets containing 3,130 Kcal metabol­
izable energy (ME/kg) and protein energy ratio (P/E) of 92 
mg/Kcal (for the 28.9% protein level) and 3,470 Kcal ME/ 
kg and P/E ratio of 107 mg/Kcal (for the 37% protein 
level). Tissue lipid level increased with increasing die­
tary lipid and was inversely related to tissue protein, 
moisture, and ash.
In progress:
•The influence of commonly used induced spawning 
agents on egg fertilization and hatching and larval 
survival in bighead carp, Aristichthys nobilis.
G ia n t  T ig er  P r a w n  (P enaeus m onodon)
•Effects of β-ecdysone on ovarian maturation and 
rematuration of Penaeus monodon Fabricius.
Gonadosomatic and ovary indices but not hepa­
tosomatic index of wild broodstock at different ovarian 
maturation stages were significantly different. Partially 
purified vitellin had four major subunits with molecular 
weights of 150, 92, and 61 kDa, whereas lipovitellin had 
a molecular weight of 410-500kDa. β-ecdysone at 50 mg/ 
g body weight significantly increased vitellogenin levels 
after 48 h in the intermolt and early premolt stages but 
the ovary was reabsorbed in late premolt stage.
•Hormonal changes during vitellogenesis in Pe­
naeus monodon.
Pond-reared Penaeus monodon broodstock at an 
early maturing stage had no detectable level of vitello­
genin in the hemolymph. Preliminary immunological 
tests indicated that the ovary is the major site of vitello­
genin synthesis.
The catfish  Clarias m acrocephalus h a s  become scarce. 
C u ltu re  a ttem p ts  a re  m ade th ro u g h  broodstock developm ent 
an d  spaw ning induction.
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•Verification studies on SEAFDEC-developed 
hatchery technology for Penaeus monodon.
Survival rate (17-18%) and growth rate (12 days 
to postlarval stage) were similar in larvae fed a SEAFDEC- 
formulated carageenan-microbound diet and a commer­
cial larval food (BP Nippai). Larvae reared on natural 
food alone had significantly lower survival and growth 
rates.
•Evaluation of supplementary diets on growth, 
survival and production of Penaeus monodon in 
ponds.
Cassava or corn in combination with golden snails 
yielded the highest mean body weights of 40.8 and 35.5 g 
and highest harvests of 13.8 and 13.5 kg/500m2, respec­
tively. Survival ranged from 88.2 to 98.9%.
•Effect of processed feed as a supplemental diet in 
Penaeus monodon modified extensive culture.
Diets with and without vitamin supplementation 
given starting on the 45th day of culture increased 
average body weight (ABW) of P. monodon to 20.3 and 
18.8 g respectively after 120 days culture period. Shrimps 
without the diet supplementation (control) had low ABW 
(9.4 g).
•The effect of dietary astaxanthin and vitamin A 
supplementation on reproductive performance 
of Penaeus monodon broodstock. (Thesis Re­
search)
The supplementation of either or both astaxan­
thin and vitamin A in Penaeus monodon broodstock diet 
showed that astaxanthin significantly improved gonad 
index (P<0.05), but its influence on fecundity and hatch­
ing rate is not clear. Diet supplementation caused weak­
ening, poor feeding and high mortality, the most severe 
effect being with the supplementation of both astaxan­
thin and vitamin A. The results suggests involvement of 
dietary astaxanthin in gonadal development.
•The use of Artemia biomass as a dietary ingredi­
ent in formulated diets for Penaeus monodon 
postlarvae.
Postlarvae (P1-30) fed diets with Artemia meal 
processed by various methods (sun-, spray-, freeze-drying) 
had similar growth rates, stress resistance and survival 
rates. However, sun-drying was more appropriate for 
local conditions as it eliminates the need for expensive 
equipment and simplifies feeding.
•Development of microbiological processing tech­
niques for agricultural products and wastes as 
partial replacement for ingredients in com­
pounded feeds for prawn.
Feeds m ake up a t  le a s t h a lf  o f sh rim p  cu ltu re  cost. C heaper 
p ractical d ie ts w ith  local ing red ien ts  a re  te s te d  a t  th e  D epart­
m ent.
Thirty types of microbound feeds composed of 
various combinations of processed white fish meal, mysid 
meal, squid meal, squid liver meal, mussel meal, soybean 
meal, skim milk, wheat flour, soybean oil and cod liver oil 
were prepared and tested on P. monodon larvae. Mi­
crobound feed with 60% fermented soybean meal pro­
duced survival rate of 40% from zoea1 to early post-larval 
stages. Results suggest that processed local products 
may be effectively utilized as ingredients for larval feeds.
•The effect of dehulling on digestibility of various 
leguminous seeds as protein sources for tiger 
prawn (Penaeus monodon) juveniles.
After 30 days of culture, prawn juveniles fed 
dehulled cowpea and rice bean had higher survival rates 
of 55% and 67% respectively compared to animals fed 
reference protein (soybean) (47.5%), whole cowpea (35.5%), 
and whole rice bean (45%).
•Vibriosis of Penaeus monodon in hatchery: Epi­
demiology and control.
Spawners are carriers of luminous vibriosis, hence 
are primary sources of the Vibrio inoculum. The inocu­
lum potential is discharged in the spawning water previ­
ously treated with chlorine, suggesting its alimentary or 
ovarian origin, or both; its net effect includes selective 
Vibrio repopulation of treated water in the hatchery tank 
following stocking of larvae from such spawners.
The seawater supply system despite its built-in 
filter is likewise a source of inoculum, but infection tests 
in aquaria were negative when stocking was with nauplii 
hatched from surface-disinfected eggs and feeding was 
with only cell suspension of laboratory-reared Saccharo­
myces cerevisiae, a  yeast. Conversely, Vibrio-free nauplii 
became diseased when stocked in chlorine- and UV-
8 SEAFDEC/AQD 1989 Annual Report
treated water but given Artemia and Chaetoceros suspen­
sions, indicating that both feeds are disease carriers.
The Vibrio bacterium is also pathogenic to P. ja ­
ponicus. Host range study is underway to include P. 
merguiensis, P. indicus, Artemia salina and planktonic 
algae used as traditional feed in hatcheries.
•Pathogenicity of luminous bacteria on larvae and 
postlarvae of Penaeus monodon.
Larval mortalities associated with luminescence 
occurred in epizootic proportions in black tiger prawn 
(Penaeus monodon) hatcheries in Panay Island, Philip­
pines. Luminescent vibrios, identified as Vibrio harveyi 
and V. splendidus, were isolated from infected larvae but 
not from uninfected ones. These bacteria were also 
recovered readily from seawater samples from nearshore 
areas, the main source of hatchery rearing water. Thus, 
it is possible that the nearshore seawater is the source of 
infection.
Pathogenicity tests with V. harveyi resulted in 
significant mortalities of larvae and postlarvae of P. 
monodon within 48 h of challenge. Scanning electron 
microscopy showed bacterial colonization of the feeding 
apparatus and oral cavity of the larvae, suggesting an 
oral route of entry for the initiation of infection.
•Detection of Penaeus monodon baculovirus (MBV) 
in hatchery systems.
MBV occlusion bodies were first observed in the 
hepatopancreas of a spawner sampled in August 1989. 
From hatchery runs at SEAFDEC, MBV was detected in 
postlarvae 9 from batch ran 23 August-15 September 
1989, and in postlarvae 4 from batch ran 30 August-10
Occlusion bodies of monodon baculovirus in hepatopan­
creas of Penaeus monodon. The disease (MBV) contributed to 
the fall of the shrim p industry  in  Taiwan; it  is now present in 
the Philippines.
October 1989. Older postlarvae from these batches were 
positive for MBV. Of the 30 batches of larvae and 
postlarvae from 23 private hatcheries in Aklan, Iloilo, 
Capiz and Negros Oriental, 13 samples (43.3%) from 12 
hatcheries (52.2%) were positive for MBV, with the ear­
liest affected stage being PL3.
•Antibiotic treatments for Penaeus monodon 
through the food chain.
Penaeus monodon nauplius VI to postlarva 1 
given the microparticulate diet Precal without antibiot­
ics, Precal with 10% chloramphenicol base and Precal 
with 10% furazolidone had higher survival rates (40.25- 
44.77%) than those given Precal with 10% chlorampheni­
col palmitate, Chaetoceros calcitrans alone or Precal 
alone (10-17%). Chloramphenicol base in the diet in­
duced abnormal development like bent rostrum, while 
furazolidone reduced bacterial counts in the larvae (102 
cfu/ml) but not in the water (103 cfu/ml).
•Effect of water treatment using chlorine on the 
microbial load of seawater particularly on lumi­
nous bacterial populations.
Chlorination of sand-filtered and microfiltered 
seawater with 5-30 ppm available chlorine for 12-24 h 
significantly reduced (by 99+%) the initial total plate 
counts (TPCs) and luminous bacterial counts (LBCs) 
from 105 cfu/ml and 102-103 cfu/ml, respectively, to 101 
cfu/ml and 0 cfu/ml, respectively. Successive samplings 
2, 4, 6, 12 and 24 h after neutralization showed that the 
TPCs of treated water steadily increased as the neutrali­
zation period became longer, reaching levels equal to or 
higher than that of untreated water after 24 h. Luminous 
bacteria reappeared 6-24 h after neutralization. Results 
suggest that chlorine only exerts bacteriostatic effects at 
5-30 ppm and that treated water must be used within 6 
h after neutralization when bacterial load is minimal at 
102 cfu/ml or less.
•Investigations on the vertical and horizontal 
transfer mechanisms of the lum inescent 
bacterium, Vibrio harveyi, affecting Penaeus 
monodon larvae.
Luminous bacteria were isolated in large num­
bers from the intestinal contents of Stage IV wild-caught 
P. monodon spawners, but not from the mature ovaries 
with ripe eggs. Smaller numbers of the same bacteria 
were also recovered from plated samples of exoskeletal 
materials although under the scanning electron micro­
scope no significant attached populations were seen.
In progress:
•Evaluation of suitability of different external tags for 
Penaeus monodon juveniles (Artificial restocking of
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prawns in Southern Panay).
•Effect of stocking density and diet on Penaeus monodon 
broodstock production in ponds.
•The effect of diet on the growth, survival, and gonadal 
development of ablated and unablated pond-reared 
Penaeus monodon in ponds.
•Penaeus monodon culture using sand as substrate with 
free-flowing tidal water.
•Evaluation of unprocessed feeds in semi-intensive 
Penaeus monodon (Fabricius) pond culture.
•Natural diet of Penaeus monodon Fabricius of various 
size classes in pond.
W h ite  S h r im p s  (Penaeus ind icus  an d  
P . m erg u ien sis )
•Changes in hemolymph and tissue proteins at 
different stages of gonad development in Pe­
naeus indicus.
Levels of vitellogenin in the hemolymph of 
unablated Penaeus indicus gradually increased during 
sexual maturation, with peak levels detected in females 
with ovaries at the cortical rod stage (GSI: 1.55-3.76%). 
Although present in small quantities among unablated, 
spent female prawns, hemolymph vitellogenin was not 
detectable among spent, ablated females (GSI: 0.85- 
3.45%).
•Determination of optimum larval rearing condi­
tions for white shrimps (Penaeus indicus and P. 
merguiensis) with reference to salinity levels, 
feeds and feeding.
Larval [zoea 1 to postlarva 1 (PL1) ] and post- 
larval (PL1-20) rearing of Penaeus indicus and P. merguien­
sis in a hatchery using commercial artificial diet has been 
conducted. However, rearing with live feed (Tetraselmis, 
Artemia) gave survival rates of 49% and 57% for P. 
indicus and P. merguiensis, respectively.
•Ingestion rates and food selectivity of Penaeus 
merguiensis larvae.
Protozoea of Penaeus merguiensis did not pref­
erably select any of the algae offered as food (Tetraselmis, 
Chaetoceros calcitrans, Skeletonema costatum, Isochry­
sis). However, when any of these algae was offered in 
combination with Artemia, the ingestion of Artemia by 
protozoea 3 and early mysis larvae but not by mysis 3 was 
influenced by the concentration of algae.
•The effect of dietary lipid sources on reproduc­
tive performance and tissue composition of 
Penaeus indicus broodstock.
Broodstock were fed diets supplemented with
cod-liver oil (Diet A), soybean oil (Diet B) or their 1:1 
combination (Diet C), with frozen squid diet as control. 
Diet C was best in terms of number of spawning, eggs and 
nauplii production, percentage of nauplii that metamor­
phosed into zoea, and broodstock survival. The control 
diet was the poorest.
•Development and evaluation of larval diets for 
Penaeus indicus and P. merguiensis.
Artificial diets C-MBD, RK1, and RK2 in combina­
tion with natural food were fed to P. indicus larvae reared 
at two temperature ranges (29-30°C and 26-28°C). The 
rearing period from Z1 to PL1 varied from 12 to 14 days. 
Survival rate was almost doubled (34%) using a combina­
tion of C-MBD and Skeletonema with temperature main­
tained at 29-30°C.
•Evaluation of plant proteins as partial replace­
ment for animal protein in diets of Penaeus indi­
cus juveniles.
Postlarvae reared for 42 days on diets with 10- 
30% of fish meal replaced with 20% coconut yeast or 30% 
soybean meal had higher weight gain (172%) than those 
fed fresh squid, basal diet, or diets with 10-30% of fish 
meal replaced with 10% Torula yeast or 20% soybean 
meal. However, they had lower survival rate than those 
fed fresh squid or basal diet.
In progress:
•Assessment of unprocessed feeds for Penaeus indicus 
culture in ponds.
W hite sh r im ps (p u tia n ) a re  m ore sa lt- to le ra n t th a n  the  
tiger praw n, hence th e ir  cu ltu re  does n o t conflict w ith  hu m an  
need for freshw ater.
M o llu scs  (C rassostrea , P la cu n a )
•Preliminary study on induced triploidy in the 
Philippine oyster, Crassostrea iredalei, using 
temperature shock and cytochalasin-β.
Twenty-four hours after the application of ther­
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M ollusc rese a rch  a t  SEAFDEC/AQD w as revived in  1989. 
The window-pane oyster (P lacuna  p lacenta ) (sp a ts  shown above) 
is a  p rio rity  species because of i ts  im portance to th e  shell 
industry .
mal shock of 33, 37, 41 and 45°C for 15 minutes on 
fertilized eggs (40 min post-fertilization), survival rates 
were 10.2, 3.8, 1.2 and 0.3%, respectively. Survival rate 
of eggs at ambient temperature was 6.4%.
All larvae survived 24 hours after administration 
of 1 mg/l cytochalasin-β for 15 minutes on newly fertilized 
eggs 15, 30, or 40 minutes post-fertilization. Attempt to 
prepare chromosome spreads on 2-, 24-, and 48-hour old 
larvae was not successful.
•Induced spawning, larval, and post-larval rear­
ing of window-pane oyster, Placuna placenta.
Induced spawning of adult Placuna placenta (90- 
100 mm) by water flow manipulation, addition of gam­
etes, thermal shock, cold shock, or addition of NaOH was 
unsuccessful. Histological preparations of gonad showed 
that 40% of the stock were partially spent, 40% spent, and
20% early recovering.
Gonad color as basis for sexual dimorphism was 
confirmed (dirty-yellow, male; orange-yellow, female).
In progress:
•Algal food preference and its effect on growth of Placuna 
placenta larvae and spat.
S e a w e e d s  (G racilaria  spp.)
•Production of Gracilaria spp. using different 
culture systems.
Bimonthly sampling from February to December 
1989 showed similar specific growth rates of Gracilaria 
sp. 2 broadcasted at 200, 250, 300 and 350 g/cage in sea 
cages (1.9±0.04%/day) and in cages in ponds (1.45±0.06%/
day).
•Inventory and assessment of biomass production 
of Gracilaria spp. in Panay Island.
The macrobenthic algae in Panay Island were 
inventoried. The Chlorophyceae included 34 species 
belonging to 18 genera, 11 families, and 5 orders; Phaeo­
phyceae with 19 species, 9 genera, 5 families, and 4 
orders; and Rhodophyceae with 49 species, 30 genera, 16 
families, and 6 orders. Ten species of Chlorophyceae, 4 of 
Phaeophyceae, and 16 of Rhodophyceae are new records 
for Panay Island.
•Characterization of agar from different species of 
Gracilaria.
Gracilaria blodgettii from Guimbal, Iloilo, G.
The m arin e  m acrobenth ic algae of P anay  Island  in 
C en tra l P h ilipp ines (left) a re  field-surveyed, collected, 
an d  p reserved  (righ t), w ith  em phasis on Gracilaria, the 
source of ag a r  o f com merce.
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coronopifolia from B uenavista , G uim aras, and  Gracilaria 
sp. 2 from Leganes, Iloilo gave ag a r yields of 2 4 .3 8 , 16.73 
and  32.40%, respectively. A gar from  G. blodgettii gave 
th e  h ig h est gel s tren g th  (558 g-cm-2); th a t  of G. corono­
pifo lia  gave th e  low est (170 g-cm-2). A gar gelling and 
m elting  te m p e ra tu re s  for G. blodgettii, G. coronopifolia, 
and  Gracilaria  sp. 2 w ere 38.5, 39.0 and  40°C, and 85.0, 
83.0 an d  80.5°C, respectively. A gar viscocity for G. 
blodgettii w as 18 cps and  th a t  for Gracilaria  sp. 2 was 7.5 
cps. M oisture and  ash  con ten ts for G. blodgettii and  
Gracilaria  sp. 2 w ere 15.2 an d  8.04%, and  4.32 and 4.98%, 
respectively.
•P r e lim in a r y  s tu d ie s  o n  f ie ld  c u lt iv a tio n  o f  G ra ­
c i la r ia  u t i l iz in g  h a tch er y -p ro d u c ed  sp o re lin g s  
a n d  v e g e ta t iv e  fr a g m en ts .
P re lim in ary  field cu ltu re of Gracilaria  u sing  
vegetative frag m en ts  in serted  betw een b ra id s  of ropes 
suspended  vertically  inside a  floating  cage was u n d er­
tak en  to  assess  i ts  daily  grow th ra te  and  m onthly  yield as 
influenced by th re e  d ifferen t spacing in tervals.
D aily grow th ra te  of cu ttings grown a t  10-cm 
in terv a l ranged  from 0.63 to 7.23% w ith  yields of 11.13 to 
414.67 g m -1 l in e -1 those a t  15 cm from  1.40 to 9.13% w ith 
yields of 17.83 to 501.67 g  m-1 line-1, and  a t  20 cm from 
1.67 to 10.47% an d  w ith  yields of 20.27 to 378.50 g m-1 
l in e -1. Both grow th an d  yield were m inim um  in Decem­
b e r a t  all spacing  in te rv a ls  b u t m axim um  in April a t  10 
and  15 cm an d  in  F eb ru a ry  a t  20 cm.
R esu lts  of th e  ana lysis of variance (ANOVA) 
showed a  nonsign ifican t in te rac tion  betw een spacing 
in te rv a l an d  cu ltu re  m onth  on daily grow th ra te  and  
m onthly  yield of Gracilaria. T his ind icates th a t  th e  effect 
of spacing in te rv a l on th e  daily  grow th ra te  and  m onthly 
yield w as n o t significantly  influenced by th e  culture 
m onth; likew ise th e  effect of cu ltu re  m onth  did no t differ 
significantly  w ith  th e  in te rv a ls  used. T he m ain  effects, 
however, of spacing in te rv a l and  cu ltu re  m onth  on daily 
grow th ra te  w ere significant. Yield was significantly 
affected by th e  cu ltu re  m onth  b u t n o t by spacing in terval.
•P o ly c u ltu r e  o f  G r a c i la r ia  (G ig a rtin a les , R h o d o ­
p h y c ea e ) a n d  L a te s  c a lc a r if e r  B lo ch  in  f lo a tin g  
n e t ca g e s .
D ecreased grow th ra te  and  production p a tte rn  
w ere observed in  October and  Novem ber for Gracilaria 
p lan ts  grown a t  increasing  depth  levels (25, 50, and 100 
cm below w a te r surface). T otal loss of p lan ts  occurred in 
D ecem ber due to  strong  n o rth ea s t monsoon wind.
•Management of a Gracilaria (Gigartinales, Rho­
dophyceae) bed at Ivisan, Capiz.
Gracilaria plants harvested at 50% of the total 
weight gave the highest percentage recovery in the suc­
ceeding harvest.
O th ers
•Feeding of different nutritional quality Artemia 
to finfish and prawn larvae.
Prolonged feeding of Siganus guttatus with en­
riched Artemia resulted in lower growth rate.
•Intensive biomass culture of Artemia in air-water 
lift raceway and flow-through systems.
Production yields of 3-8 kg Artemia/ton were 
obtained from a semi-flow-through culture system. 
Depending on the stocking density level of Artemia (2-8 
million/ton), a flow rate of 50 l/h during days 1 to 4 of 
culture and 150l/h from the 5th to the 12th day resulted 
in high survival rates (70-80%). A constant feeding level 
of 140 g ricebran/ton/day during the first 3 days of culture 
followed by twice daily feeding starting on the 4th day of 
culture also resulted in high biomass production yields 
and survival rate.
•Optimal growth conditions of the marine diatoms 
Skeletonema costatum and Chaetoceros calcitrans 
in large outdoor continuous culture.
Chaetoceros calcitrans had an average specific 
growth rate of 0.53 division/day during four days of batch 
culture in F-medium containing nitrate (25 to 883 µM). 
Flow rates of 24-88 ml/min provide water replacement 
rates of 35-100% of culture volume/day.
•Economic analysis of algae production (Chaeto­
ceros calcitrans and Skeletonema costatum) for
M ass cu ltu re  o f la rv a l food algae, A rtem ia  an d  Brachionus  
is  an  in teg ra l p a r t  o f fin fish  an d  sh rim p  h a tch e ry  operations.
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prawn hatcheries.
The cost of producing Skeletonema costatum and 
Chaetoceros calcitrans is P36.69 per liter. This includes 
direct costs such as F-medium, algal starter, labor, gas 
and electricity.
•Biotechnology in aquaculture: Use of microbes in 
larval rearing of prawns and finfishes.
Saccharomyces cerevisiae and a marine yeast 
were brought into axenic culture and cell suspensions of 
both were used in in vitro propagation of the freshwater 
Moina, and the marine rotifer Brachionus and ciliate 
Euplotes; the marine yeast was used also in the mainte­
nance of Placuna broodstock. Clonal populations of 
Moina were produced with live cells of S. cerevisiae and 
spores of 11 filamentous fungi isolated from seagrass.
The life cycle of Moina is under study; the num­
ber of filial progenies averages 22-28 per individual with 
the new technique, as against only 6-8 with the old 
method using blended baker's yeast pellets plus algal 
plankton.
Siganus guttatus (25-day old) in aquaria were fed 
at 10% fish body weight for 7 days with natural food 
(Artemia, Ulva, Gracilaria, Sargassum, Artemia plus 
Ulva, Artemia plus Gracilaria, Artemia plus Sargas­
sum). Survival was highest at 47% with Artemia, Ar­
temia plus Gracilaria and Artemia plus Sargassum, and 
lowest at 6% with all others.
•Regional research on the relationship between 
the ulcerative syndrome in fish and the environ­
ment.
Fish affected with ulcerative syndrome were 
observed in Laguna Lake beginning in mid-November. 
The metals Cu, Fe and Zn were detected in the water 
samples from the lake’s East Bay; these plus Hg were 
detected also from West Bay waters. The metals were 
also present in fish samples from both bays. Carbamates 
and organophosphates were not detected.
•Histopathology of epizootic ulcerative syndrome 
in some freshwater fishes of Laguna de Bay, 
Philippines. (Thesis Research)
Sampling of catfish from West Bay of Laguna de 
Bay for histological and hematological profile of natu­
rally EUS-infected fish was continued in late November.
•Aquatic fungi in the etiology of epizootic ulcera­
tive syndrome (EUS).
Achlya (?) proliferoides was isolated from EUS- 
afflicted snakeheads in Laguna Lake. This was 
brought into axenic culture and will be tested for patho­
genicity.
•Viral and bacterial etiology of the epizootic ul­
cerative syndrome (EUS).
Attempts are being made to establish cell lines 
from various tissues of snakehead and catfish. Initial 
sampling of EUS-affected fishes is also being done for 
bacterial and viral isolations.
In progress:
•Use of rice straw (dayami) in the eradication of snails in 
brackishwater ponds.
"The w ell-being of th e  sm all farm ers... is a  challenge to the  economic an d  social ingenu ity  o f those  who h ave been  given th e  gift 
of scientific tra in in g . I t  is a  gift th a t  can be repa id  only in  the  m easu re  to which i t  is  app lied  to  help  th e  poorest to m ove up w ard  from 
deprived lives." - Dr. D.L. U m ali, N ational Scien tist, Philippines.
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A bstracts o f  R esearch  P ub lications
•A g b a y a n i R F , B a lia o  D D , F ra n co  NM , T ica r  RB, 
G u a n zo n  N G . 1989. A n  e c o n o m ic  a n a ly s is  o f  th e  
m o d u la r  p o n d  s y s te m  in  m ilk fish  p ro d u c tio n  in  
th e  P h ilip p in e s . A q u a c u ltu r e  83:249-259.
In  1980, th e  a n n u a l yield of m ilkfish ponds in  T he 
P h ilipp ines w as 800 kg /ha w hile th e  po ten tia l yield is 
e s tim ated  to be 2000 kg/ha. T he m odular pond system  
analyzed  in  th is  s tu d y  can  largely  close th e  gap betw een 
ac tua l an d  p o ten tia l y ield  th ro u g h  m ore efficient use of 
pond capacity  to  increase  th e  num ber of croppings up  to 
7 tim es in  1 year. P ilot-scale production usin g  the 
m odu lar pond system  w as done a t  th e  Leganes R esearch 
S ta tio n  (LRS) SEAFDEC, Iloilo, and  a t  th ree  cooperating 
com m ercial farm s. Scale of operation  ranged  from  2.7 h a  
to  7.9 ha. F rom  2 to  7 production  ru n s  w ere recorded w ith 
p e r h ec ta re  o u tp u ts  ran g in g  from  278 k g  to 341 k g  per 
ru n . In p u t costs w ere  b ased  on ac tua l figures and  th e  ex­
fa rm  m ilkfish  price a s  P21.00 (4 to  6 fish/kg). T he average 
re tu rn  on in v es tm en t an d  payback period for all sites was 
68.81% an d  1.25 y ears , respectively.
•A o k i T, H iro n o  I , d e  C a stro  T , K ita o  T. 1989. R ap id  
id e n t if ic a t io n  o f  V ib r io  a n g u il la r u m  b y  co lo n y  
h y b r id iz a t io n . J . A p p l. Ich th y o l. 5:67-73.
A 562 b ase  p a ir  frag m en t of DNA from a  serotype 
A s tra in  of Vibrio a n g u illa rum  w as cloned in to  pUC9 and  
used  a s  a  hybrid iza tion  probe for th e  rap id  identification 
of Vibrio a n g u illa ru m  by colony hybrid ization . The probe 
w as te s ted  on n in e  d iffe ren t fish pathogens, 15 Vibrio 
iso lates, 2 o rgan ism s closely re la ted  to Vibrio, and  9 
serotypes of V. ang u illa ru m . T he probe hybridized only 
w ith  th e  DNA of V. a n g u illa ru m  serotypes A and  H. The 
sequence of th e  562 nucleotides have been determ ined. 
T his probe allows rap id , re liab le , and  specific detection of 
V. a n g u illa ru m  in  fresh w ate r ayu, Plecoglossus altivelis.
•A p u d  F D . 1988. P ra w n  g ro w -o u t p r a c t ic e s  in  th e  
P h ilip p in e s . In: B io lo g y  a n d  C u ltu re  o f  P e n a e u s  
m o n o d o n . B R A IS  S ta te -o f-th e-A rt S e r ie s  N o. 2; 
A q u a c u ltu r e  D e p a r tm e n t, S o u th e a st  A sia n  F ish ­
e r ie s  D e v e lo p m e n t C enter; T ig b a u a n , I lo ilo , 
P h ilip p in e s ;  89-118.
P raw n  fa rm in g  in  th e  Philipp ines is generally  
classified in to  th ree : extensive, sem i-intensive, and  in ­
tensive (Apud e t  a l 1983, A pud 1985). W hile in tensive 
fa rm in g  is gain in g  rap id  developm ent in  m arg inal and 
elevated a re a s  along th e  shoreline, extensive and  semi- 
in tensive  fa rm in g  is  done m ain ly  in  form er for m ilkfish 
cu ltu re  a reas.
R egardless of th e  type of fa rm in g  being  prac ­
ticed, m ost fa rm ers  a re  u su a lly  confronted w ith  the 
problem  of stan d ard iz in g  th e ir  operation. Production 
can vary  from  one crop to  an o th e r or from  one pond to 
an o th e r an d  even from  one ind iv idual, s ite , and/or facility 
to ano ther. In  effect, th e re  is a  need  to  s tan d ard ize  praw n 
farm ing  p ractices for consisten t reference. P resen tly , 
p raw n fa rm ing  is viewed m ore as an  a r t  ra th e r  th a n  as 
exact science.
T his p ap e r deals m ain ly  w ith  th e  s ta te  of the  a r t  
of p raw n pond cu lture , specifically w ith  pond m anage­
m en t practices, includ ing  site  su itab ility , engineering 
design, and  h a rv e s t an d  p o st-h arv est hand ling . For 
added insigh t, problem s and  p rospects in  th e  in dustry  
a re  briefly discussed w ith  some recom m endations.
Grow-out of P . monodon: stocking densities and  projected 
yields per hectare per cropping (A fter  Apud, Biology and  Cul­





2000 - 7500 50 - 200
10 0 0 0  - 15 000 250 - 350
20 0 0 0  - 30 000 400 - 700
40 0 0 0  - 50 000 750 - 1200
60 0 0 0  - 80 000 1300 - 2500
100 000 - 120 000 2500 - 3500
150 000 - 250 000 4000 - 7000
300 000 - 400 000 7500 - 12 000
•A v ila  EM . 1989. F o o d  c o n su m p tio n  o f  s e a  p erch , 
L a te s  c a lc a r if e r ,  in  c a p tiv ity . H u ism a n  EA, Z on­
n ev e ld  N , B o u w a n s  AHM , ed s . A q u a c u ltu r e  R e ­
se a rc h  in  A s ia :  M a n a g e m e n t T ec h n iq u es  a n d  
N u tr it io n :  P ro c e e d in g s  o f  th e  A s ia n  S e m in a r  on  
A q u a c u ltu r e  o rg a n ize d  b y  IFS; 1988 N o v em b er  
14-18; M alan g, In d o n e s ia . W a g en in g en : P udoc; 
57-61.
G row th ra te  of seaperch  (Lates calcarifer) will be 
stud ied  in  re la tion  to fish  size, w a te r tem p era tu re , feed 
ra tion  size, an d  feeding frequency.
Seaperch of d iffe ren t w eight classes a re  held 
individually  in conical ta n k s  of 250 l each, which form 
p a r t  of a w a te r recircu la tion  system . F ish  are  fed by h an d  
a com m ercially availab le pelle ted  feed contain ing  44% 
crude protein. W ater tem p e ra tu re  is m ain ta in ed  b e t­
ween narrow  ran g es and  salin ity  am oun ts to 32 ppt. The
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conical tanks allow for immediate collection of uneaten 
feed and thereby for determination of the actual feed 
intake.
These studies are being carried out in the convic­
tion that they will provide important base-line data for 
the enhancement of seaperch culture.
•Ayson FG. 1989. The effect of stress on spawning 
of brood fish and survival of larvae of the 
rabbitfish, Siganus guttatus (Bloch). Aquaculture 
80:241-246.
The effect of stress due to handling, and repeated 
sham and human chorionic gonadotropin (HCG) injec­
tions on spawning and survival were studied. Results 
showed that stress significantly enhanced spawning in 
captive females (P<0.05), but apparently has no signifi­
cant effect on the survival of larvae. The results indicate 
that factors other than stress are responsible for the high 
variability in larval survival in the hatchery. In addition, 
the results clearly demonstrate the necessity of exogenous 
gonadotropin to ensure 100% monthly spawning of captive 
S. guttatus females.
•Baticados MCL. 1988. Diseases. In: Biology and 
Culture of Penaeus monodon. BRAIS State-of- 
the-Art Series No. 2; Aquaculture Department, 
Southeast Asian Fisheries Development Center; 
Tigbauan, Iloilo, Philippines; 139-178.
The great losses suffered by the industry due to 
diseases attest to the need to focus more attention on this 
aspect of aquaculture. Prawn diseases have been the 
subject of many reports from various culture facilities in 
the Philippines (Villaluz 1975, Gacutan 1979, Vicente et 
al 1979), Taiwan (Liao et al 1977), Thailand (Ruangpan 
1982), and Mexico (Lightner et al 1984). Reviews of 
diseases causing significant losses in penaeid shrimp and 
prawn culture have been made by Lightner (1983, 1985) 
with special emphasis on more recent trends and devel­
opments. The present review deals specifically with
diseases of the giant tiger prawn, Penaeus monodon 
Fabricius, including the diagnosis and pathology of dis­
ease or disease agents involved and their prevention and 
control.
•Baticados, MCL. 1988. Typical prawn diseases: 
causes, prevention and treatment. Chiu YN, 
Santos LM, Juliano RO, eds. Technical Consid­
erations for the Management and Operation of 
Intensive Prawn Farms; 1987 November 16-20; 
Iloilo City, Philippines. Iloilo City: UP Aquacul­
ture Society; 134-143.
Diseases of prawns in ponds are caused by micro­
organisms like viruses, bacteria, fungi and protozoans as 
well as factors such as nutritional deficiency, poor pond 
conditions and environmental pollutants. Most of these 
diseases may be controlled by environmental and dietary 
manipulation. Control of transfers or introduction of new 
prawn species may also reduce the risk of disease occur­
rence. Chemotherapy is considered only as a last resort 
in the control of diseases in prawn ponds. The basic 
features of prawn diseases with emphasis on causative 
agents and methods of prevention and treatment are 
discussed.
•Bautista MN, Millamena OM, Kanazawa A. 1989. 
Use of kappa-carrageenan microbound diet (C- 
MBD) for Penaeus monodon larvae. Mar. Biol. 
103:169-174.
The performance of an artificial practical diet, 
kappa-carrageenan microbound diet (C-MBD) was as­
sessed on Penaeus monodon larvae at the SEAFDEC 
Broodstock and Maturation Experimental Laboratory in 
March 1986. Shrimps were reared from zoea1 to post­
larvae1 using five dietary treatments: (a) natural food- 
Chaetoceros calcitrans and Artemia salina; (b) C-MBD; 
(c) combination of natural food and C-MBD; (d) commer­
cial diet (microencapsulated, MED); (e) combination of 
natural food and commercial diet. Results showed slow
Spawning success of 
Siganus gutta tus  sub­
jected to three kinds of 
stress (After Ayson, 
A quacu lture  80:243. 
1989)
Date Control






A B % A B % A B % A B %
(1986) 
Dec. 3 1 33.3 3 2 66.6 3 3 100 3 3 100
(1987) 
Jan . 3 0 0 3 2 66.6 3 2 66.6 3 3 100
Feb. 3 0 0 3 2 66.6 3 1 33.3 3 3 100
March 3 0 0 3 2 66.6 3 0 0 3 3 100
All 8.3±8.3 66.6+0* 49.9+21.5 100+0*
A - number of females. B - number of females th a t spawned. *Significant compared to the control 
(P<0.05).
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development with larvae fed the commercial diet. Feed­
ing with C-MBD in combination with natural food re­
sulted in the highest % survival among treatments (69.6), 
but this was not significantly different (p>0.05) from 
those obtained with larvae fed natural food alone, C- 
MBD alone or their combination. While mean values for 
survival of larvae fed the commercial diet, either alone or 
in combination, was significantly lower (p<0.05) than all 
other treatments, their mean growth indices were com­
parable with larvae fed C-MBD alone or in combination. 
The low levels of protein, lipid and essentially fatty acids 
(which are considered important nutrients during larval 
development) contained in the commercial diet may well 
justify the results on metamorphosis, survival and growth 
of the larvae fed this diet. The good performance of C- 
MBD in this experiment suggests that this kind of diet 
can be used as partial or total replacement to the tradi­
tional algal food.
•Benitez LV. 1989. Amino acid and fatty acid 
profiles in aquaculture nutrition studies. De 
Silva SS, ed. Finfish Nutrition Research in Asia: 
Proceedings o f the Third Asian Fish Nutrition  
Network Meeting; Asian Fish. Soc. Spec. Publ. 4; 
1988 June 6-10; Bangkok, Thailand. Manila, Phil­
ippines: Asian Fisheries Society; 23-35.
The amino acid profile is an important parameter 
in the evaluation of protein quality and in requirement
studies. Amino acid profiles are usually determined in 
two steps: hydrolysis of the protein to constituent amino 
acids followed by quantitative analysis of the amino acids 
in the hydrolysate. The ten amino acids known to be 
essential in most animals have been found to be essential 
in all fish so far studied. The reference amino acid 
profiles used in the amino acid requirement studies of 
various fish species include that of whole chicken, egg, 
fish egg and fish muscle. The amino acid profile of fish 
muscle provides a useful first approximation of the amino 
acid requirement of the young, growing fish in which the 
greatest proportion of weight gain is in the form of 
muscle.
Fatty acids are important components of lipids. 
Determination of fatty acid profiles involve the extrac­
tion of total lipids with organic solvents and the trans- 
esterification of the lipid to form the fatty acid methyl 
esters which are then analyzed by gas chromatography. 
The fatty acid composition of fish is dependant on such 
factors as temperature, salinity and diet. Coldwater fish 
contain higher levels of polyunsaturated fatty acids than 
warmwater fish. Freshwater fish tend to have higher 
levels of saturated fatty acids than marine fish. The 
essential fatty acid requirement (EFA) of fish seems to 
vary from species to species. Coldwater and marine 
fishes require medium chain ω3 or highly unsaturated 
long chain ω3 fatty acids. The EFA requirement of warm- 
water fish is more diverse. Some fish require ω6 and 
others require a combination of ω3 and ω6 fatty acids.
•Bombeo-Tuburan I. 1989. Comparison of various 
water replenishment and fertilization schemes 
in brackishw ater milkfish ponds. J. Appl. Ich­
thyol. 5:61-66.
The study was undertaken to determine the 
optimum combination of the frequency of water replen­
ishment and fertilization that can yield the highest 
growth, survival, and gross production of milkfish. Results 
indicated that mean body weight and survival were not
Q uality  (fa tty  acid, am ino acid, v itam in , energy, digestibil­
ity) is a s  im p o rtan t a s  q u an tity  o f com ponents in  feed form ula­
tions.
F a tty  acid com position (% of weight) of Penaeus monodon  
la rvae , live feed, an d  k ap p a-ca rrag een an  m icrobound (C-MBD) 
an d  com m ercial (MED) die ts (A fter  B a u tis ta  e t  al., Mar. Biol. 
103 :172 . 1989)






Artem ia C-MBD Commercial 
diet (MED)
C 12:0 - 2.83 - - -
C 14:0 8.11 21.52 1.53 0.22 0.57
C14:1 - - 3.30 - 0.81
C 15:0 12.10 2.33 0.11 - 0.67
C 16:0 13.94 4.64 15.23 18.00 15.42
C
16:1ω7 5.45 30.17 10.38 4.10 10.79
C16:2ω7 - - 2.94 - -
C 17:0 - - 3.28 3.90 3.88
C 18:0 7.23 8.93 3.17 5.31 4.79C
18:1ω9 14.67 6.06 29.05 22.32 35.76C
18:2ω6 7.78 1.86 6.79 5.99 9.59C
18:3ω3 3.32 0.40 6.35 2.50 4.87C
20:1ω9 1.29 - 0.42 - 0.52C
20:3ω6 - - 1.47 - -C
20:4ω6 5.93 2 .24 - 3.50 2.76C
20:5ω3 14.29 18.08 13.63 19.49 8.98
C
22:4ω6 0.82 0.66 0.53 5.22 0.28
C
22:5ω3 - - 0.04 2.73 -
C
22:6ω3 5.02 0.26 0.87 11.70 0.06
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significantly different (P>0.05) among the treatments. 
Gross fish production was higher in biweekly fertiliza­
tion if considered as a single factor. However, when this 
was in combination with the weekly or biweekly water 
replenishment, similar gross fish production was at­
tained. In any case, because biweekly fertilization has a 
better effect than a weekly schedule, the former should be 
used in combination with any other level of replenish­
ment. A weekly water replenishment, however, is im­
practical in big pond areas of 5-10 ha compartments 
which are still common in some milkfish ponds in the 
Philippines. Therefore, biweekly water replenishment 
and fertilization with 16-20-0 at 50 kg h a -1 would be 
reasonable.
•Bombeo-Tuburan I, Agbayani RF, Subosa PS. 1989. 
Evaluation of organic and inorganic fertilizers 
in brackishwater ponds. Aquaculture 76:227- 
235.
The study was conducted in twelve 144-m2 ponds 
to evaluate the effect of different organic and inorganic 
fertilizers on the growth, survival, gross production, and 
profitability of marketable milkfish. The following treat­
ments were used: Treatment I, SEAFDEC traditional 
fertilization practice (16-20-0 at 50 kg/ha and 45-0-0 at 15 
kg/ha); Treatment II, half-dosage of Treatment I; Treat­
ment III, chicken manure at 0.5 ton/ha; and Treatment 
IV, MASA (processed from agricultural and industrial 
wastes) fertilizer at 0.5 ton/ha. All treatments were 
applied once in every 2 weeks.
No significant difference (P>0.05) existed in the 
harvest and production of milkfish among the treat­
ments. However, economic indicators such as return-on- 
investment (ROI), payback period, and marginal analy­
sis ranked the performance of the fertilizer treatments in 
the order of I, II, III and IV.
Fish kills occurred in three ponds applied with 
chicken manure and MASA fertilizer. This could have 
been due to a heavy build-up of organic matter in the pond 
bottom which led to the collapse of the benthic algal 
community, depletion of dissolved oxygen and the pres­
ence of hydrogen sulfide. It is therefore suggested that a 
lower dosage of organic fertilizer should be applied in 
ponds especially during the rainy season.
• Catacutan MR, de la Cruz M. 1989. Growth and 
mid-gut cells profile of Penaeus monodon juve­
niles fed water-soluble-vitamins deficient diets. 
Aquaculture 81:137-144.
Growth and changes in the mid-gut cell morphol­
ogy of Penaeus monodon juveniles were evaluated after 
feeding for 35 days with semi-purified diets deficient in 
water-soluble vitamins. Diets were prepared by deleting 
one vitamin at a time from the vitamin supplement
consisting of cyanocobalamine, folic acid, thiamine, ribo­
flavin, pyridoxine, niacin, choline, inositol and ascorbic 
acid. Controls were the complete vitamin diet (control 
diet 1) and the no vitamin diet (control diet 2). Growth 
rate was poorest for treatment without vitamin supple­
ment and the inositol and choline-deficient diets. En­
hanced growth was observed in prawns fed with the 
riboflavin-deficient diet. All treatments except control 
diet 1 showed histopathological changes in the mid-gut 
cells. Detachment or destruction of the epithelial cells 
were observed in most cases but more severely in treat­
ments without vitamin supplement followed by inositol, 
choline and vitamin C.
G row th o f  m ilkfish  in  ponds. I  - w eekly pond w a te r  rep le n ­
ishm en t, biw eekly fe rtiliza tion  (16-20-0 a t  50 k g /ha , 45-0-0 a t  
15 kg/ha); II  - weekly rep len ish m en t, w eekly  fertiliza tion  (16- 
20-0 a t  25 kg/ha, 45-0-0 a t  7.5 kg /ha); I I I  - biw eekly  rep len ish ­
m en t, biw eekly fertiliza tion  (16-20-0 a t  50 k g /ha , 45-0-0 a t  15 
kg/ha); IV - biw eekly rep len ish m en t, w eekly  fe rtiliza tio n  (16- 
20-0 a t  25 kg/ha, 45-0-0 a t  7.5 kg /ha) (A fte r  Bom beo-Tuburan, 
J. Appl. Ichthyol. 5 :6 3 . 1989).
•C u v in  MLA, F u r n e ss  RW. 1988. U p ta k e  a n d  e lim i­
n a tio n  o f  in o r g a n ic  m ercu ry  a n d  se le n iu m  b y  
m in n o w s P h o x in u s  p h o x in u s . A q u a t.  T oxico l. 
13:205-216.
M innows (P hoxinus p h o x in u s) w ere k ep t in  aq ­
u a ria  contain ing filtered  w a te r dosed w ith  m easured  
am ounts of m ercury  as m ercuric chloride an d  selenium  
as sodium  selenate. F ishes exposed to  selen ium  in  com­
bination  w ith m ercury  show ed h ig h e r surv ival ra te s  th an  
those k ep t in  ta n k s  con tain ing  m ercury  alone. A  2 to 1 
selenium  to m ercury  m olar ra tio  proved to  be th e  m ost 
effective in  reducing  m ercury  toxicity. T he presence of 
selenium  tended  to increase  th e  u p tak e  o f m ercury  from 
the  w ater. T here w as no difference in  th e  ra te  of m ercury  
elim ination in th e  presence or absence of selenium . These 
re su lts  suggest th a t  th e  observed pro tective effect of 
selenium  ag a in st th e  toxicity  o f m ercury  does no t 
involve reduction of m ercu ry  u p tak e  o r en h an cem en t of
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mercury elimination. The presence of mercury did not 
affect selenium uptake. Selenium elimination was re­
duced in the presence of mercury, suggesting that a 
mercury-selenium complex is formed.
•Cruz ER, De la Cruz MC, Sunaz NA. 1988. Hema­
tological and histological changes in Oreochro­
mis mossambicus after exposure to the mollus­
cicides Aquatin and Brestan. Pullin RSV, 
Bhukaswan T, Tonguthai K, Maclean JL, eds. 
The Second International Symposium on Tilapia 
in Aquaculture; ICLARM Conference Proceedings; 
1987 March 16-20; Bangkok, Thailand. Bangkok, 
Thailand: Department of Fisheries; Manila: 
ICLARM; 99-110.
Duplicate static 96-hour bioassays were conducted 
to determine the median lethal concentration for Oreo­
chromis mossambicus (LC50) of two organostannous 
molluscicides, commonly used in fishponds: Aquatin and 
Brestan. O. mossambicus was more sensitive to Brestan. 
The acute toxicity of both Aquatin and Brestan ceased 
towards the end of 96 hours. The 24, 48, 72 and 96 hour 
LC50’s were 4.01, 3.97, 2.95 and 2.58 ppm formulated 
product for Aquatin and 0.35, 0.18, 0.10 and 0.09 ppm for 
Brestan, respectively. The computed safe concentrations 
for Aquatin and Brestan are 0.30 and 0.01 ppm, respec­
tively.
Exposure to lethal concentrations of Aquatin 
resulted in an immediate reduction in hemoglobin and 
hematocrit levels. Hemoglobin content was likewise 
lower in Brestan-exposed fish, whereas, their hematocrit 
level was higher than that of the control fish.
Histological analyses of gills, intestine, liver and 
kidney showed pathological changes even in sublethal 
levels tested. Damage became severe with increasing 
concentration of the pesticide. The behavior and symp­
toms exhibited by the fish and the physiology of hemato­
logical and histopathological changes are discussed.
•Cruz ER, Tamse CT. 1989. Acute toxicity of potas­
sium permanganate to milkfish fingerlings, 
Chanos chanos. Bull. Environ. Contam. Toxicol. 
43:785-788.
Potassium permanganate (KMnO4) is a strong 
oxidizing agent and is commonly used in aquatic systems 
to improve available oxygen, treat infectious diseases and 
parasites, detoxify fish poisons, and control algae (Law­
rence 1956; Lay 1971; Marking and Bills 1975; Phelps et 
al 1977; Tucker and Boyd 1977; Jee and Plumb 1981). 
There have been some studies on the toxicity of KMnO4 to 
freshwater fishes, but none on brackish or marine water 
species.
The following study was undertaken to deter­
mine the 24- and 96-h median lethal concentration (LC50)
Oreochromis mossambicus: atrophy (top) and necrosis 
(bottom) of intestinal mucosa exposed respectively to 4 ppm 
Aquatin for 96 h and 0.5 ppm Brestan for 1.2 h (After Cruz et 
al., Second Inter. Symp. Tilapia in Aquaculture, p. 106. 1989).
of milkfish fingerings to KMnO4. The study was also 
designed to evaluate the histopathological response of 
fish tissues to KMnO4 but was reported in another paper 
(Cruz and Tamse 1986).
•Cruz ER, Pitogo CL. 1989. Tolerance level and his­
topathological response of milkfish (Chanos cha­
nos) fingerlings to formalin. Aquaculture 78:135- 
145.
Static 96-h bioassays were conducted on milkfish 
fingerings (average weight 6 g) with formalin at concen­
trations ranging from 50 to 500 ppm. The 24-, 48-, 72-, 
and 96-h median lethal concentration values (LC50) 
were 322, 260, 241, and 232 ppm formalin, respectively. 
Histological analyses of gills, liver, and kidney tissues 
revealed significant pathological changes even with the 
sublethal concentrations. The intensity of cell damage 
increased with increasing concentration and exposure to 
the chemical. Formalin treatments caused hyperplasia, 
epithelial separation, and necrosis in the gills; cloudy 
swelling, hemorrhage, deposition of pigments, and necro­
sis in liver parenchyma; and degeneration of renal tu­
bules. Partial recovery of tissues was observed in fish 
after 10 days in formalin-free seawater.
•De la Cruz MC, Erazo G, Bautista MN. 1989. 
Effects of storage temperature on the quality of
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Molds spoil feeds in  poor storage conditions. Aspergillus 
(above) produces aflatoxin.
diets for prawn, Penaeus monodon, Fabricius. 
Aquaculture 80:87-95.
The effect of storage temperature was evaluated 
on the basis of growth response of prawns fed for 10 weeks 
with diets stored at 0°C, 10°C, 28°-31°C (ambient tem­
peratures) and 40°C for a period of 10 weeks. Prawns 
were stocked at 15 pieces per 60-1 oval tank supplied with 
water at 28°C and 32 ppt in a flow-through aerated 
system. There were five replicate tanks per treatment. 
Lowest weight gain (20 g) was observed for prawns fed 
the diet stored at 40°C and significantly higher growth 
response was observed as the storage temperature de­
creased (30.2 g at 28-31 °C; 37.7 g at 0°C and 10°C). Body 
size was significantly (P<0.05) affected by diet after 6 
weeks of feeding and highly significantly (P<0.01) after 8 
weeks of culture. Peroxide values for diets exposed for 10 
weeks to 28°-31°C (12.8 meq/kg) and 40°C (15.0 meq/kg) 
were significantly higher than those exposed to 0° and 
10°C (2.9 meq/kg). The highest survival rate (76%) and 
feed conversion (8.9%) were observed for prawns fed diets 
stored at low temperatures (0° or 10°C). Severe necrosis 
of the hepatopancreatic cells was observed in P. monodon 
fed with diet stored at the high temperature.
•De la Cruz MC, Muroga K. 1989. The effects of 
Vibrio anguillarum  extracellular products on 
Japanese eels. Aquaculture 80:201-210.
To test the effect of Vibrio anguillarum extracel­
lular products (ECP) on Japanese eels, test fish were 
injected intramuscularly with ECP at a dose of 1 mg 
protein/100 g body weight of fish. At 3, 6, 12, 24 and 36 
h post-injection, blood samples were collected for haema­
tocrit, haemoglobin, and serum protein determinations 
and tissues were fixed in Bouin’s solution. Histopathol­
ogical observations 24 h post-injection revealed that the 
ECP caused severe damage to muscle tissue, character­
ized by extensive muscle liquefaction and haemorrhag­
ing. In addition, extensive haemosiderin deposits were 
observed in the spleen, with lesser deposits occurring in 
the kidney and liver. Haematocrit, haemoglobin, serum 
protein values were lower in ECP-treated fish than in the 
untreated controls.
•Garcia LMaB. 1989. Development of an ovarian 
biopsy technique in the sea bass Lates calcarifer 
(Bloch). Aquaculture 77:97-102.
A convenient and rapid biopsy method for taking 
ovarian samples from mature sea bass (Lates calcarifer 
Bloch) is described. Intra-ovarian oocytes siphoned with 
polyethylene tubing from any region of the ovary provide 
a sample representative of the maturational stage of sea 
bass. The osmolality of a 5% phosphate buffered formalin 
solution is similar to that of sea bass plasma. The 
follicular diameter of cannulated sea bass oocytes can be 
measured within an hour after fixation in 5% phosphate 
buffered formalin without significantly deviating from 
the diameter of fresh oocytes.
•Garcia LMaB. 1989. Dose-dependent spawning 
response of mature female sea bass, Lates calcar­
ifer (Bloch), to pelleted luteinizing hormone-re­
leasing hormone analogue (LHRHa). Aquacul­
ture 77:85-96.
The induction of sequential spawnings of mature 
female seabass following intraperitoneal implantation of 
various doses of luteinizing hormone-releasing hormone 
analogue (LHRHa) in a 95% cholesterol pellet was inves­
tigated. LHRHa stimulated a dose-dependent increase 
in spawning rate (number of spawnings per fish over a 4- 
day period) at doses ranging from 4.75 to 75 pg/kg body 
weight. Higher doses ranging from 150 to 300 pg/kg 
resulted in significantly fewer spawnings (62.5%-75%). 
Untreated control sea bass did not spawn. Sham-im­
planted fish failed to spawn or did so at significantly 
lower rates (0%-6.3%) compared to hormone-treated fish.
Spawning induction at the highest hormone dose 
tested (300 µg/kg) resulted in the lowest mean egg fertili­
zation rate of 30.1%. Mean fertilization rates, ranging 
from 60.5% to 82.2%, at the lower doses of LHRHa were 
not significantly different. Mean hatching rates ranging 
from 30% to 76.5% following induction of sequential 
spawning by several doses of LHRHa were similar. At all 
hormone doses tested, mean egg production levels of 
37.3-58.7 x 104 eggs/kg body weight were highest on the 
first day of spawning and declined significantly on subse­
quent days. Mean egg production levels of 1.2-6.9% x 104 
eggs/kg were always lowest on the last day of spawning. 
Similar egg production levels among all hormone doses 
during each spawning day were observed. These results 
indicate that the quality and quantity of spawned eggs
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may, in part, be influenced by sequential spawnings 
triggered by LHRHa pellet implantation in sea bass.
Effect o f pelle ted  L H R H a on th e  spaw ning, fe rtiliza tion  an d  
h a tch in g  ra te s  o f m a tu re  fem ale sea  b ass  a t  s im ilar stages of 
ovarian  m a tu ra tio n  (in itia l oocyte d iam eter = 0.470-0.493mm)* 




ra te  (%)
Fertilization 
ra te  (%)
Hatching 
ra te  (%)
U ntreated 0.0±0.0" - -
Sham 6.3±6.2a 89.6 71.4
37.5 93.7±6.2b 81.3±6.7a 67.4±10.5a
75.0 100.0±0.0b 76.3±8.0a 68.4±10.5a
150.0 75.0±10.2c 60.5+7.5" 55.9±10.6a
300.0 62.5±16.1c 30.1±8.9b 30.0±13.9a
*V alues a re  m ean+ S E M  of four rep lica te  fem ales. F or each 
colum n, figu res w ith  d iffe ren t su p ersc rip ts  a re  significantly  
d iffe ren t (P<0.05).
**C alcu la ted  a s  th e  to ta l n u m b er of spaw nings for each  fish  
over 4  days m u ltip lied  by 100.
•G o n za les-C o rre  K. 1988. P o ly c u ltu r e  o f  th e  t ig e r  
p ra w n  (P e n a e u s  m o n o d o n ) w ith  N ile  t ila p ia  
(O reo c h ro m is  n i lo t ic u s ) in  b r a c k ish w a te r  f is h ­
p o n d s. P u llin  R SV , B h u k a sw a n  T, T o n g u th a i K, 
M a clea n  JL , e d s . T h e S e c o n d  I n te r n a tio n a l  
S y m p o s iu m  on  T i la p ia  in  A q u a c u ltu r e ;  ICLA R M  
C o n feren ce  P ro c e e d in g s;  1987 M arch  16-20; B a n g ­
k o k , T h a ila n d . B a n g k o k , T h a ilan d : D ep a r tm en t  
o f  F ish e r ie s ;  M anila: IC LA R M ; 15-20.
A study  w as conducted in  fifteen 500-m2 ponds to 
determ ine th e  grow th, survival and  production of Pe­
naeus m onodon  (Fabricius) in  polyculture w ith  Oreochro­
m is n ilo ticus  (L innaeus) an d  th e  ex ten t of com petition 
betw een sh rim p an d  tila p ia  in  b rack ish w ater ponds. The 
trea tm e n ts  consisted  of: (I) P. monodon  a t  6,000/ha; (II)
O. nilo ticus  a t  6 ,000/ha; (III) O. niloticus  a t  4,000/ha; (IV)
P. m onodon  a t  6 ,000/ha p lu s  O. niloticus a t  6,000/ha; and  
(V) P. m onodon  a t  6 ,000/ha p lu s  O. niloticus  a t  4,000/ha. 
A com pletely random ized  design w ith  th ree  rep licates 
w as used.
T re a tm en t V gave th e  h ig h est to ta l production 
(283.32 kg/ha) followed by T re a tm en t IV (221.24 kg/ha). 
T re a tm en t I h a d  th e  low est to ta l production. A nalysis of 
variance on to ta l p roduction showed significant differ­
ences (p<0.05) am ong trea tm en ts . Polyculture t re a t ­
m en ts  (T rea tm en ts  V an d  IV) w ere no t d ifferen t in  term s 
of production b u t sign ifican t differences were observed 
betw een polyculture (T rea tm en t V) and  m onoculture 
tre a tm e n ts  (T rea tm en ts  I, II an d  III). M ean n e t produc­
tion of sh rim p alone w as h ig h es t in  T rea tm en t V followed 
by T re a tm en t I an d  T re a tm en t IV b u t w ere n o t signifi­
cantly  d ifferent betw een trea tm e n ts . A sim ila r tre n d  was 
observed on th e  m ean  w eight ga in  an d  percentage su r­
vival of P. monodon. M ean n e t p roduction of O. niloticus 
w as relatively  low in  a ll trea tm en ts . T he low production 
of O. niloticus  in  all tre a tm e n ts  w as due to low survival 
(33% to 52%) and  slow grow th.
Com petition w as ev iden t betw een  P. monodon  
an d  O. niloticus  a t  a  stocking com bination of 6,000 P. 
monodon /h a  p lus 6,000 O. niloticus/ha . T otal y ield  from 
polyculture w as b e tte r  th a n  m onoculture. Polyculture of 
P . m onodon  a t  6 ,000/ha an d  O. nilo ticus  a t  4,000/ha 
appeared  feasible.
•H o n cu la d a -P r im a v era  J . 1988. M a tu ra tio n , r e ­
p ro d u c tio n , a n d  b r o o d sto c k  te c h n o lo g y . In: 
B io lo g y  a n d  C u ltu re  o f  P e n a e u s  m o n o d o n . BRAIS  
S ta te-o f-th e-A rt S e r ie s  N o. 2; A q u a c u ltu r e  D e ­
p a rtm en t, S o u th e a st  A sia n  F is h e r ie s  D e v e lo p ­
m e n t C enter; T ig b a u a n , I lo ilo , P h ilip p in es; 37-58.
M atu ra tio n  generally  re fers  to physiological 
m a tu rity  or th e  developm ent of th e  gonads or p rim ary  
reproductive organs producing eggs an d  sperm  capable of 
fertilization . However, m a tu ra tio n  m ay also re fer to 
functional m a tu rity  or th e  ab ility  to m ate  w ith  th e  com­
pletion of th e  secondary sexual organs. In  penaeids, the  
secondary gen ita lia  - thelycum  and  p e ta sm a - develop 
ahead  of th e  ovaries and  th e  te s te s .
T he review  describes f irs t  m a tu ra tio n  in  Penaeus 
m onodon ; endocrine, n u tritio n a l, and  environm ental 
m ethods of induced m atu ra tio n ; broodstock constitu tion; 
m ain tenance an d  o ther operations; and  a  com parison of 
m a tu ra tio n  tan k s , pens, an d  cages.
•H o n cu la d a -P r im a v era  J , G a cu ta n  R.Q . 1989. P re ­
lim in a r y  r e s u lts  o f  fe e d in g  a q u a t ic  m a cro p h y tes  
to  P e n a e u s  m o n o d o n  ju v e n ile s .  A q u a c u ltu r e  80: 
189-193.
Penaeus m onodon  juven iles (PL50) were fed live 
and  decaying aqua tic  m acrophytes and  a  com m ercial 
grow-out pelle t (40% crude protein) in  80-1 glass tan k s  
over a  30-day period. G row th an d  survival w ere signifi­
cantly  h ig h er for juven iles fed some form  of m acrophyte 
com pared to  controls (pellets). S urv ival w as h ig h est with  
live N ajas gram inea  (100%) com pared to decaying R u p ­
p ia  m aritim a  (65.4%), live R . m a ritim a  (58.9%) an d  pel­
le ts  (52.5%).
Ju v en iles fed  decaying N . gram inea  h a d  the  
low est survival ra te  (30.6%) b u t th e  b e s t g row th (7.8 mm 
carapace leng th  (CL), 37.6 m m  to ta l leng th  (TL), and 
0.2587 g body w eight (BW)). T he la t te r  body sizes were 
significantly  g re a te r  th a n  for juven iles fed pellets (6.2 
m m  CL, 0.2338 g  BW) an d  o th e r m acrophyte trea tm en ts . 
P raw ns fed w ith  live R. m a ritim a  showed th e  poorest 
grow th (4.5 m m  CL, 24.7 m m  TL an d  0.1070 g-BW).
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Aquatic plants are directly grazed by penaeid 
juveniles, or contribute to the detritus fed on by prawns 
and other benthic organisms. Aside from food, macro­
phytes also provide cover or shelter from predation and 
cannibalism.
Mean body weight of Penaeus monodon fed two macro­
phytes and a  pelleted feed for 30 days (After Prim avera & 
Gacutan, Aquaculture 80:191.1989).
•Licop MSR. 1988. Hatchery operation and 
management. In: Biology and Culture of Penaeus 
monodon. BRAIS State-of-the-Art Series No. 2; 
Aquaculture Department, Southeast Asian Fish­
eries Development Center; Tigbauan, Iloilo, 
Philippines; 59-88.
Considerable advancement has been made in the 
field of larval rearing of penaeids since the pioneering 
work of Hudinaga (1942). Hatchery technology has 
improved from laboratory scale experiments to industry 
level practice in a span of two decades for the West (Cook 
and Murphy 1966, Mock et al 1980), and in over just a 
decade in Taiwan (Liao 1985, 1986, Chiang and Liao 
1985), as well as in the Philippines (Villaluz et al 1969, 
Parado-Estepa and Primavera 1988). Despite the com­
mercial success of hatcheries for Penaeus monodon in 
Taiwan and in the Philippines, the tremendous variabil­
ity in larval survival makes hatchery production unpre­
dictable.
The following state-of-the art for hatchery tech­
nology describes the results of basic researches as well as 
major industry practices relating to the following areas: 
site selection, hatchery design, larval rearing techniques 
particularly in the development of live and artificial feed, 
water management, and nursery practices for postlar­
vae. Several problems are given attention and recom­
mendation are provided where there are solutions to the 
constraints presented.
•Lio-Po G. 1988. Prawn health in aquaculture. 
Chiu YN, Santos LM, Juliano RO, eds. Technical 
Considerations for the Management and Opera­
tion o f Intensive Prawn Farms; 1987 November 
16-20; Iloilo City, Philippines. Iloilo City: UP Aq­
uaculture Society; 130-133.
Disease management of intensively-cultured 
prawns requires an understanding of physiology and 
disease causation. Maladies result from an interaction of 
the prawn, disease agents and their environment. In 
intensive culture, the environment becomes increasingly 
difficult to control. Hence, surveillance for the early signs 
of disease, potential pathogens and the development of 
adverse environmental conditions should be integral 
components of a sound management system.
•Loya-Javellana GN. 1989. Ingestion saturation 
and growth responses of Penaeus monodon lar­
vae to food density. Aquaculture 81:329-336.
Different larval stages of Penaeus monodon were 
fed with increasing densities of Tetraselmis sp. to evalu­
ate the relationship between food density, ingestion rates, 
development and growth of Penaeus monodon larvae. 
Ingestion showed a saturation response to food density. 
This served as a basis for determining maximum inges­
tion rates and incipient limiting levels (ILL), defined as 
the lowest food density to provide maximum ingestion
Ingestion, development, and  growth of P. monodon larvae 
fed Tetraselmis sp., (mysis 3 to postlarva 1 series). Develop­
m ental ra te  (solid line) and total length (dashed line), deter­
mined from larvae th a t molted to postlarva 1 on term ination 
after 49 h, are presented as m eans ± s.e.m. Arrows indicate 
incipient lim iting levels for mysis 3 and  postlarva 1. Ingestion 
rate  data for PL1 were obtained from postlarva 1 series (After 
Loya-Javellana, Aquaculture 81:333. 1989).
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Lipid bodies in  R-cells (R ) of m idgu t o f P. m onodon  juvenile 
fed d ie t deficient in  folic acid, ascorbic acid, or riboflavin. B , B- 
cells; L , lu m en  (A fter  C a ta cu ta n  & de la  Cruz, A quaculture  
81:142. 1989).
rates (McMahon and Rigler, 1963). Both ILL and maxi­
mum ingestion rate increased as larval stage progressed, 
with maximum ingestion rate reaching a peak at mysis 3 
and declining at postlarva 1. When protozoea 1 and 
protozoea 2 were given Tetraselmis sp. at levels equal to 
or above their respective ILL’s, rate of development to 
protozoea 3 was enhanced. Growth rate, in terms of total 
length, was significantly enhanced in protozoea 3 and 
mysis 1 if earlier stages were given Tetraselmis sp. at 
levels equal to or above their respective ILL’s.
•Millamena OM. 1989. Effect of FA composition of 
broodstock diet on tissue FA patterns and egg 
fertilization and hatching in pond-reared Pe­
naeus monodon. Asian Fisheries Science 2:127- 
134.
The effect of dietary fatty acid composition on 
tissue fatty acid patterns and spawn quality of pond- 
raised Penaeus monodon was evaluated with the use of 
three practical diets. Diets were formulated to contain 
the same basal components but with various lipid supple­
mentation: Diet B1, 6% cod liver oil; Diet B2, 3% cod liver 
oil and 3% soybean lecithin; and Diet B3, 6% soybean 
lecithin.
Three flow-through maturation tanks were each 
stocked with 50 broodstock at a sex ratio of 1.5 female to 
1 male, with the females ablated on one eyestalk. Brood­
stock performance measured as total number and nature 
of spawnings, egg fertility and average hatching rate of 
eggs of each dietary treatment was assessed.
Results showed that the fatty acid composition of 
broodstock diet affected tissue fatty acid patterns and
hatchability of eggs from pond-reared P. monodon. 
Females fed a diet high in 20:4n-6, 20:5n-3 and 22:6n-3 
polyunsaturated fatty acids (PUFA) and n-3/n-6 fatty 
acid ratio gave higher percentages of fertilized eggs and 
higher hatching rates than did other diets.
S paw ning perform ance of Penaeus m onodon  broodstock fed 
d ie ts supp lem ented  w ith d ifferen t lip id  sources (M odified  from 
M illam ena, A sia n  Fish. Sci. 2:129, 130. 1989)
Diet No. of 
spawnings











35a 79.41 20.59 67.10a 36.67“
B2 20b 70.00 30.00 63.09a 27.27“
B3 29ab 72.41 27.59 61.45a 19.53“
Treatm ent m eans with the same superscripts in  each 
column are not significantly different a t P>0.05.
Ingredients %
Squid meal 30.0
Shrimp head meal 20.0
Fish meal 20.0
W heat flour 5.5
Gulaman  (seaweed) 4.0
Rice bran 5.2
Vitamin mix 2.7
M ineral mix 6.0
Cholesterol 0.5
Supplem ental lipid a
Butylated hydroxy toluene 0.1
aD iet B 1 - 6% cod liver oil; B2 - 3% cod liver oil + 3% soybean 
lecith in ; B3 - 6% soybean lecith in .
•Parado-Estepa FD, Ladja J, de Jesus EG, Ferraris 
RP. 1989. The effect of salinity on hemolymph 
calcium concentration during the molt cycle of 
the prawn Penaeus monodon. Mar. Biol. 102:189- 
194.
Prawns (Penaeus monodon) were obtained from 
ponds in Iloilo, Philippines, in 1984 and 1985 and main­
tained in salinities from 8 to 44 ppt. Total hemolymph 
calcium was largely affected by molt stage and less so by 
salinity. A sharp, transient increase in hemolymph 
calcium occurred 3 to 6 h postmolt, followed by an equally 
rapid decrease from 6 h postmolt to intermolt. This 
biphasic response was limited to prawns in 8, 20 and 32 
ppt S; in 44 ppt S, hemolymph calcium remained the 
same throughout the sampling period. Peak concentra­
tions of total calcium were greater in low (8 and 20 ppt S) 
than in high salinities. Salinity had no effect on the 
duration of molt cycle nor on time of occurrence of molt.
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Almost half of molting incidents occurred between 18.01 
and 0.00 hrs, and one-third between 0.01 and 06.00 hrs.
•Parado-Estepa FD. 1988. Selection, transport 
and acclimation of prawn fry. In: Chiu YN, San­
tos LM, Juliano RO, eds. Technical Considera­
tions for the Management and Operation of In­
tensive Prawns Farms; 1987 November 16-20; Iloilo 
City, Philippines. Iloilo City: UP Aquaculture 
Society; 81-85.
The most important criterion among many used 
by operators for choosing postlarvae to stock in ponds, is 
the stage of development. The stages considered suitable 
for stocking (about PL20) can be identified by examination 
of anatomical features including the rostral spine num­
ber, the length of carapace and sixth abdominal segment. 
Pigmentation in uropods, size uniformity and activity of 
postlarvae are useful considerations. During transport, 
decreasing water temperature to lower metabolic rate 
helps ensure the adequacy of oxygen in bags. Upon stock­
ing, acclimation to the temperature and salinity of pond 
water is very important if changes are sudden, regulatory 
mechanisms may fail, resulting in mortalities.
•Pascual FP. 1989. Effect of various levels of 
protein, fat, carbohydrates, and energy on growth, 
survival and body composition of Chanos chanos 
fingerlings. Huisman EA, Zonneveld N, Bouwans 
AHM, eds. Aquaculture Research in Asia: Man­
agement Techniques and Nutrition: Proceedings 
of the Asian Seminar on Aquaculture organized 
by IFS; 1988 November 14-18; Malang, Indonesia. 
Wageningen: Pudoc; 228-236.
Optimum protein, fat, carbohydrates and energy 
requirements of milkfish fingerlings were determined 
using growth, survival and body composition as parame­
ters to assess the effectiveness of the diets. Chanos 
chanos fingerlings weighing 0.5 to 8.0 g were fed semi- 
purified dry diets consisting of casein and gelatin (4:1), 
corn oil and cod liver oil (1:1), dextrin, vitamin and 
mineral mixes, celufil and carboxymethyl cellulose. 
Treatments consisted of 27 combinations using three 
levels of protein (15, 30, 45%), fat (0, 6, 12%) and carbo­
hydrates (10, 20, 30%) with two replicates each.
Each replicate consisted of 20 milkfish which 
were reared for 8 weeks in a flow-through fiberglass tank 
(40 l volume) using filtered seawater. Temperature and 
salinity ranged from 26 to 31°C and 30 to 32 ppt, respec­
tively. Feeding rate of dry pellets was 10% of total 
biomass.
The results indicate that fingerlings require a 
protein level of 30-40% depending on their size, a fat level 
of 10% and a carbohydrate level of 25%. Weight gain did 
not improve if energy levels exceeded 3500 kcal/kg diet.
Based on response surface analysis a summary of 
possible optimum combinations of protein (%)-, fat (%)-, 
carbohydrate (%)- and energy levels (kcal/kg) in the diets 
are: for survival rate, 30/12/10/2540; for weight gain, 30/ 
6/20/2680; for protein deposition 40/6 to 10/20 to 30/2960 
to 3740; for fat deposition 40/6/10 to 30/2560 to 3360; for 
ash deposition 40/6/20 to 30/2460 to 3740.
Of the treatments, the following 5 diet combina­
tions gave mortality rates less than 50%: 15/0/30/1800, 
30/12/10/2680, 45/0/10/2220, 45/0/30/2800 and 45/12/20/ 
3780.
Milkfish fingerlings: combinations of protein, fa t and  carbohy­
drate levels in  diet (A fter  Pascual, Aquaculture Research in 
Asia: Management Techniques and  N utrition , p.230. 1989)
% Survival Protein F a t CHO kcal/kg diet P/E ratio
53 15 0 30 1800 83
55 30 0 30 2400 125
60 30 12 10 2680 112
55 45 0 10 2220 205
58 45 0 30 2680 150
60 45 12 20 3680 122
•Piedad-Pascual FP. 1989. Status of shrimp nutri­
tion and feed development in Southeast Asia. De 
Silva SS, ed. Finfish Nutrition Research in Asia: 
Proceedings of the Third Asian Fish Nutrition 
Network Meeting; Asian Fish. Soc. Spec. Publ. 4; 
1988 June 6-10; Bangkok, Thailand. Manila, Phil­
ippines: Asian Fisheries So-ciety; 80-89.
World demand for shrimp has increased signifi­
cantly in the last decade. Of the 32 species investigated, 
the most commonly cultured in Southeast Asia is the 
Penaeus monodon. Formulated feed constitutes around 
50% of the operational costs in shrimp culture and hence 
there is a need to develop low, cost effective feeds. 
However, due to limited information on feeding habits 
and nutritional requirements, development of feeds for 
P. monodon has been mainly dependent on data derived 
from other penaeid species.
Studies on P. monodon nutrition and feed devel­
opment and constraints to shrimp culture common to the 
Southeast Asian region are reviewed. Standardization of 
methodologies for nutrition research and husbandry to 
hasten collection of data is recommended.
•Penaflorida VD. 1989. An evaluation of indige­
nous protein sources as potential component in 
the diet formulation for tiger prawn, Penaeus 
monodon, using essential amino acid index 
(EAAI). Aquaculture 83:319-330.
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Amino acid compositions (g/100 g protein) of different growth 
stages of Penaeus monodon (Modified from Peñaflorida, 









ALA 5.41b 5.02“ 4.95“
ARG 5.92“ 6.57b 8.28c
ASP 8.42“ 8.38“ 8.83“
CYS 0.87b 0.85b 0.63“
GLU 11.43“ 13.20b 13.96c
GLY 5.10“ 6.67b 4.90“
HIS 1.84b 2.04b 1.91“
ILE 3.55“ 3.66“ 3.89“
LEU 6.23a 6.29“ 6.61“
LYS 6.86b 6.23“ 6.80b
MET 2.09“ 2.34b 2.30b
PHE 3.81b 3.45“ 3.20“
PRO 3.46“ 3.30“ 3.29“
SER 3.60b 3.42b 3.00“
THR 3.32“ 3.25“ 3.23“
TRY 0.70“ 0.92b 1.07c




Protein: 57.89 69.93 93.22
M eans in  row s w ith  sam e su p ersc rip t a re  n o t significantly  
d iffe ren t (P>0.05).
The essential amino acid index (EAAI) could be 
used in screening potential protein sources. However, 
when formulating diets, EAAI should be supported with 
feeding trials and digestibility tests to determine the 
extent of incorporation of these protein sources in Pe­
naeus monodon diets. Using whole P. monodon juveniles 
as the reference protein, local fish meals were found to be 
good protein sources with an EAAI of 0.92 to 0.95, in 
addition to white and Peruvian fish meals, shrimp meal, 
squid meal and soybean meal (EAAI of 0.96, 0.94, 0.98,
0.96 and 0.87, respectively). The amino acid pattern (A/ 
E ratio) of the protozoeal, juvenile and adult stage of P. 
monodon showed increasing arginine and decreasing 
phenylalanine with growth stage.
•Piedad-Pascual F. 1988. Nutrition. In: Biology 
and Culture of Penaeus monodon. BRAIS State- 
of-the-Art Series No. 2; Aquaculture Department, 
Southeast Asian Fisheries Development Center; 
Tigbauan, Iloilo, Philippines; 119-137.
Through supplemental feeding of prawns, higher 
stocking densities and a shorter culture period are pos­
sible. Increase in production per crop and in the number 
of croppings per year results in higher return on invest­
ment. Thus fish farmers find feeding artificial diets to
prawns to be profitable even if operational cost, which is 
mainly due to feed, increases by 50-60% over that of the 
traditional method. There is therefore a need to develop 
an economical and biologically effective diet for prawns.
In the development of artificial diets for prawns, 
the practical approach is to simulate their food in the 
natural environment especially when no data on nutrient 
requirements are available. Dietary requirements of 
prawns can be obtained from food intake studies in the 
natural habitat, since available food in ponds is limited 
and differs from food in the wild. A study of the nutri­
tional needs of the species is necessary. Based upon 
experience in the poultry and livestock industry, success 
in these industries came with acquisition of knowledge of 
nutrient requirements and the development of feeds that 
met the nutritional needs of the species.
•Quinitio ET, Hara A, Yamauchi K, Mizushima T, 
Fuji A. 1989. Identification and characterization 
of vitellin in a hermaphrodite shrimp, Pandalus 
kessleri. Comp. Biochem. Physiol. 94:445-452.
1. A female specific protein (FSP, vitellogenin) in 
hemolymph and its related ovarian protein (vitellin) of 
Pandalus kessleri were studied by means of electro­
phoretical and immunological procedures.
2. The vitellin was purified from vitellogenic 
ovaries using hydroxylapatite, DEAE cellulose and Sepha­
rose 6B columns, consecutively.
3. The vitellin had a molecular weight of approxi­
mately 560 kD and was composed of two subunits, 81 and 
110kD, respectively.
4. The vitellogenin concentrations in the hemo­
lymph increased as vitellogenesis in the ovarian oocytes 
advanced and dropped markedly after the release of 
mature eggs.
•Quinitio GF, Takahashi H, Goto A. 1988. Annual 
changes in the testicular activity of the river 
sculpin, Cottus hangiongensis Mori, with empha­
sis on the occurrence of aberrant spermatids 
during spermatogenesis. J. Fish Biol. 33:871-878.
Annual changes in the spermatogenetic activity 
of the testis were studied histologically in the river 
sculpin, Cottus hangiongensis, sampled monthly from a 
river in southern Hokkaido, Japan. A pair of sperm 
reservoirs, consisting of many anastomosing lacunae, 
was present along the dorsomedian edge of the paired 
testes, and functioned also as a sperm-transporting sys­
tem instead of the typical sperm duct. Spermatogenesis 
occurred actively in August, yielding an increasing number 
of mature spermatozoa in October. This process ad­
vanced, but slowly during the succeeding winter months, 
until March. The testis became functionally mature 
during the spawning period in April and May. In July,
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M atura tion  stages of 
oocytes of Pandalus kessleri: 
(a) Stage I; (b) Stage II; (c) 
Stage III; (d) Stage IV. O, 
oocyte; F, follicle cells; YG , 
yolk globules. Scales: 100 
µm (a), 200 µm (b-d) (After 
Quinitio et al., Comp. Bio­
chem. Physiol. 94:446. 1989).
small numbers of spermatocytes were found to have ap­
peared already, which indicated a relatively short period of 
post-spawning testicular regression. In November, germi­
nal cysts containing aberrant binuclear spermatids began to 
appear within the seminal lobules. The paired nuclei of 
aberrant spermatids gradually enlarged, and the cells were 
released into the lumina of the seminal lobules simulta­
neously with the release of mature spermatozoa from the 
germinal cysts. During the functional maturity stage, lu­
mina of seminal lobules which had expelled mature sper­
matozoa to sperm reservoirs became filled with these 
abnormal bodies. Discussion includes the occurrence of 
aberrant spermatids which resulted in the formation of 
‘spermatid masses’ as has been described in other cottids.
•Romana MRR. 1988. Electrophoretic studies on in­
duced gynogenetic diploid and triploid tilapia (Oreo­
chromis niloticus and O. aureus). Pullin RSV, 
Bhukaswan T, Tonguthai K, Maclean JL, eds. The 
Second International Symposium on Tilapia in Aq­
uaculture; ICLARM Conference Proceedings; 1987 
March 16-20; Bangkok, Thailand. Bangkok, Thai­
land: Department of Fisheries; Manila: ICLARM; 
267-274.
Preliminary electrophoretic screening of laboratory 
maintained tilapia stocks revealed enzyme polymorphism 
at three co-dominantly inherited loci-adenosine deaminase 
(Ada), aminopeptidase (Ap) and malic enzyme (Me-2). 
O. niloticus and O. aureus broodstock used in artificial 
gynogenesis and polyploidy experiments were genetically 
tagged with these biochemical markers. Results of manipu­
lations to induce diploid gynogenetic and triploid 
broods from heterozygous females were determined 
by genetic analysis.
Segregation ratios in the control broods con­
firmed Mendelian inheritance at the Me-2 and Ada 
loci. Genetic analysis of enzyme polymorphism in 
gynogenetic broods, produced from ova fertilized with 
genetically inert sperm and heat-shocked 5 minutes 
after fertilization indicated diploidy restoration by 
second polar body retention. Diploidization of gyno­
genomes by suppression of first cleavage of mitosis in 
the zygote, attempted by heat shocking eggs 20-45 
minutes after fertilization with UV-treated sperm, 
proved effective in one brood (heat shock at 45 min. 
after fertilization) in which a high incidence (~100%) 
of individuals homozygous for Me-2, was observed. 
Finally, electrophoretic analysis of triploids revealed 
banding patterns different from those observed in 
normal and gynogenetic diploids. Such banding phe­
notypes, peculiar only to triploids, denoted success in 
triploidy induction which was achieved here with the 
fusion of the paternal pronucleus and the maternal 
genome made double by suppression of meiosis II.
•Santiago AE. 1988. Limnological notes on the 
finfish production problem of Laguna de Bay. 
Nat. Appl. Sci. Bull. 40:119-121.
Environmental problems have significantly 
affected fishery production and management in 
Laguna de Bay, the largest lake in the Philippines. 
Fishermen and fishpen operators are complaining
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B anding p a tte rn s  of M e- 
2 locus (m aleic enzym e) 
in  t r ip lo id  O reochrom is  
niloticus broods. A, expected 
p a tte rn ; B, observed p a tte rn . 
*Expected, b u t n o t observed, 
b an d  (A fte r  R om ana e t  al., 
Second Inter. Sym p . T ilapia  
in  A quaculture, p. 2 7 4 . 1989).
about the slow growth of fish and low yields in the lake. 
In the 70’s two croppings were possible in fishpens since 
it took only 3 to 4 months then to rear milkfish from 
fingerlings to marketable size (Felix, 1976). But in the 
early 80’s, stocked fingerlings attained a marketable size 
of about 200 g  after 8  to 15 months (LLDA, 1983). In 1973 
when the total fishpen area was only 5,000 ha, the annual 
harvest was 4 metric tons (MT)/ha. When fishpens 
covered 31,000 ha of the lake area in 1982, the annual 
yield dropped to 2 MT/ha (Centeno e t al., 1987). Further­
more, the total open water catch of nearly 83,000 MT in 
the early 60’s (Rabanal et al., 1964) was reduced to one- 
fourth in the 80’s.
While the big drop in yield has been largely at­
tributed to the proliferation and mismanagement of 
fishpens, over-exploitation of lake resources, and sea­
sonal changes in the productivity of the lake (Centeno et 
al., 1987), the author attributes the present crisis basi­
cally to a lack of understanding of the basic ecological 
attributes of Laguna de Bay and their relation to fish 
growth and production. This paper is a brief commentary 
on the limnological characteristics of Laguna de Bay that 
are quite important in finfish production.
•Santiago CB, Aldaba MB, Reyes OS, Laron MA. 
1988. Response of Nile tilapia (Oreochromis nilot­
icus) fry to diets containing Azolla meal. Pullin 
RSV, Bhukaswan T, Tonguthai K, Maclean JL, 
eds. The Second International Symposium on 
Tilapia in Aquaculture, ICLARM Conference Pro­
ceedings; 1987 March 16-20; Bangkok, Thailand. 
Bangkok, Thailand: Department of Fisheries; 
Manila: ICLARM; 377-382.
Sun-dried Azolla pinnata was ground and incor­
porated into experimental diets at various levels (8.50, 
17.00, 25.46, 34.00 and 42.45% of the diets) to replace fish 
meal in a control diet isonitrogenously. All feeds con­
tained 35% crude protein and 250 kcal digestible energy/ 
100 g. They were fed to Nile tilapia (Oreochromis nilot­
icus) fry (mean body weights, 14.9 mg in Experiment I 
and 11.2 mg in Experiment II) at 45% of fish biomass 
daily for 7 weeks. Results of the two experiments showed 
that Azolla meal is a suitable component of diets for Nile 
tilapia fry. Growth increased and fed conversion ratios 
improved as the level of the dietary Azolla meal in­
creased. Survival rates were not affected by the levels of 
Azolla in the diets.
•Santiago CB, Pantastico JB, Baldia SF, Reyes OS. 
1989. Milkfish (Chanos chanos) fingerling pro­
duction in freshwater ponds with the use of 
natural and artificial feeds. Aquaculture 77:307- 
318.
Milkfish fry were reared to fingerling size in 
fresh water ponds. For the first experiment, fish were fed 
the blue-green algae Oscillatoria inoculated and grown 
in the ponds, Oscillatoria supplemented with a fishmeal-
The ecological a t tr ib u te s  of L aguna Lake in  Luzon Island, 
N o rth ern  P h ilipp ines a re  re la te d  to  fish grow th an d  reproduc­
tion in  the  lake.
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G row th of N ile t i la p ia  (Oreochromis n ilo ticus) fry  fed d iets 
supplem ented  w ith  A zalia  m eal (A fte r  S an tiago  e t  a l., Second  
Inter. Sym p. T ilap ia  in  A quaculture, p . 380. 1989).
based fo rm ulated  d iet, an d  th e  fo rm ulated  d iet alone. 
Twelve 50-m2 ea rth en  ponds w ere p repared  to enhance 
grow th of th e  indigenous n a tu ra l foods. Acclim ated wild 
m ilkfish fry w ere stocked random ly a t  90/m2 and  were fed 
for 6 weeks. M ilkfish fed th e  fo rm ulated  d ie t alone h ad  
a  significantly  h ig h er (P <0.05) m ean  w eight gain
(1.314±0.201 g) th a n  m ilk fish  given th e  com bination of 
Oscillatoria  an d  fo rm ula ted  d ie t (0.882±0.230g). G row th 
w as low est fo r fish  fed  O scillatoria  alone. T he feeding 
tre a tm e n ts  in  th e  second experim en t w ere: com bination 
of S p iru lin a  pow der and form ulated  d iet, fo rm u la ted  d ie t 
alone, an d  rice b ra n  alone. T h e  stocking  r a te  w as equiva­
len t to 91.5-92.5 fr y/m 2 an d  feeding la s ted  for 7 weeks. All 
feeds prom oted som e grow th  b u t  th e  m ilk fish  fed the  
fo rm ula ted  d ie t alone invariab ly  h a d  th e  h ig h e s t w eight 
increm en t (1.504±0.167 g), followed by  fish  given th e  feed 
com bination (0.881±0.140 g). Rice b ra n  alone gave th e  
low est grow th response. F o r b o th  pond  experim ents, 
grow th tren d s  of th e  young m ilk fish  w ere s im ila r to  those 
grown u n d er labora to ry  conditions. A lthough survival 
ra te s  w ere significantly  d iffe ren t in  one aq u a riu m  experi­
m en t, survival ra te s  o f m ilkfish  in  ponds did  n o t differ 
significantly  (P >0.05) am ong tre a tm e n ts .
•S a n tia g o  CB, R e y e s  O S. 1989. E ffe c t  o f  fe e d in g  
r e g im es  o n  g ro w th  a n d  s u r v iv a l o f  b ig h e a d  carp  
(A r is t ic h th y s  n o b ilis  R ic h a rd so n ) fry . D e  S ilv a  
S S , ed . F in fish  N u tr i t io n  R e s e a r c h  in  A s ia :  P ro ­
c e e d in g s  o f  th e  T h ir d  A s ia n  F ish  N u tr i t io n  N e t ­
w o rk  M eetin g ; A s ia n  F ish . S o c . S p ec . P u b l. 4; 1988  
J u n e  6-10; B a n g k o k , T h a ila n d . M a n ila , P h ilip ­
p in es: A sia n  F is h e r ie s  S o c ie ty ; 130-136.
Two five-week feed ing  tr ia ls  w ere u n d e rta k en  to 
eva luate  grow th an d  su rv ival o f b ighead  carp  fr y  of 1.9- 
2.4 m g m ean  w eight re a re d  on v ario u s feed ing  regim es. 
In  T rea tm en t 1, th e  carp  fr y  w ere fed w ith  B rachionus  
alone. In  T re a tm en t 2, 3 ,  4  a n d  5, th e  fr y  w ere fed w ith 
Brachionus  for 2 ,  4 ,  6 an d  10 days, respectively , an d  th en  
w ith  an  artific ial d ie t for th e  re m a in in g  period. T he carp 
fry w ere fed w ith  th e  com bination o f B rach ionus  and  
artific ial d ie t in  T re a tm en t 6 a n d  w ith  a rtific ia l d ie t alone 
in  T re a tm en t 7. R esu lts  show ed th a t  th e  com bination 
of Brachionus  an d  artific ia l d ie t w as th e  b e s t feeding 
regim e in  enhancing  th e  g row th  of th e  b ighead  carp 
fry. M ean w eights o f th e  fr y  fed  w ith  B rach ionus  for 2 ,  4, 
6 and  10 days p rio r to  th e  sh iftin g  to  artific ia l d ie t w ere 
sim ilar to th a t  of th e  fr y  fed  w ith  B rach ionus  alone or 
artific ial d ie t alone. T h ere  w as no d is tin c t tre n d  in  su r­
vival as  a  function of feeding regime. H ow ever, B rachionus 
alone gave th e  h ig h es t su rv ival ra te  in  bo th  tria ls .
•S o lis  N B . 1988. B io lo g y  a n d  e c o lo g y . I n  B io lo g y  
a n d  C u ltu re  o f  P e n a e u s  m o n o d o n . B R A IS S ta te -  
of-the-A rt S e r ie s  N o . 2; A q u a c u ltu r e  D ep a r tm en t, 
S o u th e a st  A sia n  F is h e r ie s  D e v e lo p m e n t C enter; 
T ig b a u a n , I lo ilo , P h ilip p in e s ;  3-36.
For th e  cu ltu re  of an y  species to  evolve from 
trad itio n  or a r t  to  science, basic  in fo rm ation  on the  
biology of th e  species is  required .
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This paper reviews current information on Pe­
naeus monodon including taxonomy, morphology, distri­
bution, and bionomics and life history. The last covers 
reproduction, development of embryo, larva up to adult, 
spawning, food and feeding, and physiology.
Problems that have cropped up with the inten­
sification of prawn culture, e.g. discharge of pesticides 
from grow-out ponds, are highlighted. Other conflicts 
such as the conversion of mangroves and other estuaries, 
considered nursery grounds of various marine fauna 
including P. monodon, into fishponds; overexploitation of 
wild spawners with no stock assessment data; and indis­
criminate throwing away of other prawn and finfish fry
from wild collections in favor of P. monodon fry could 
adversely affect the ecology of mangroves and other 
marine ecosystems.
•Subosa PF, Kihara K, Rokishika S, Hatano H, Mu­
rayama T, Kubota T, Hanoka Y. 1989. Ion chro­
matography of inorganic anions in brine shrimp 
samples. J. Chromatogr. Sci. 27:680-685.
An ion chromatographic method for separating 
and detecting anions in brine samples is described. Nitrite, 
bromide, nitrate, and sulfate ions in brine samples are 
well separated when chloride ion concentration in the 
sample solution is below 2000 ppm. However, at higher 
chloride concentrations, nitrite and chloride peaks are 
not resolved. Low level nitrite ion in the brine sample is 
separated from a major chloride ion by a heart-cutting 
and recycling system. After elution, the unresolved 
portion, including the nitrite ion, is cut and trapped in a 
10-ml sample collecting loop and reinjected on the col­
umn by using 6- and 4-port valve systems. The detection 
limit of nitrite spiked in the seawater samples is 0.5 ppm.
Successes in  spawning ensure the supply of shrim p and 
finfish fry for culture.
P olycultu re o f Penaeus m onodon  a n d  Oreochromis niloticus in  
b rack ishw ate r ponds (A fte r  Gonzales-Corre, Second Inter. Sym p. 
T ilap ia  in  A q u a cu ltu re , p. 20. 1989)
Specifications
M ean net production (kg/ha) Competition
indexmonoculture polyculture
C o m p e titio n  o f  O. n ilo tic u s  
w ith  P. m ono d o n
6 ,000  P. m o n o d o n /h a  + 
6 ,000  O. n ilo ticu s /h a 123.21 80.91 0.34
6 ,000  P. m o n o d o n /h a  + 
4 ,000  O. n ilo ticu s /h a 123.21 137.44 -0.12
C o m p e titio n  o f  P. m o n o d o n  
w ith  O. n ilo ticu s
6 ,000 O. n ilo ticu s /h a  + 
6 ,000 P. m o n o d o n /h a 167.60 140.32 0.16
4 ,000  O . n ilo ticu s /h a  + 
6 ,000  P. m o n o d o n /h a 128.52 145.88 -0.14
C hrom atography  system  for detection  o f inorganic anions 
in  seaw ater. 1 = rese rvo ir for e lu en t, 2 = pum p, 3 = 6-port valve, 
4 = sam ple collecting loop, 5 = 4-port valve, 6 = sam ple injector, 
7 = precolum n, 8 = ana ly tica l colum n, 9 = suppresso r, 10 = 
conductivity detector, 11 = oven, 12 = UV detector, 13 = re se r ­
voir for scavenger, 14 = d ra in  (A fter  Subosa e t  al., J . C hrom a­
togr. Sci. 2 7 :6 8 2 . 1989).
•Tan-Fermin JD, Pudadera RA. 1989. Ovarian 
maturation stages of the wild giant tiger prawn 
Penaeus monodon Fabricius. Aquaculture 77:229- 
242.
A qualitative and quantitative study of the ovar­
ian maturation stages of wild-caught Penaeus monodon 
was conducted to refine the existing method of staging. 
For industrial purposes, measuring the ovarian width at 
the first abdominal region can minimize arbitrariness in 
staging. A width of 20 mm indicates readiness for
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spawning while reproductive performance is improved 
when ovarian width is 30 mm or more. Based on histol­
ogy, the usual 6 to 8 stages of development can be reduced 
to four stages: previtellogenic, vitellogenic, cortical rod, 
and spent. The previtellogenic stage (P) is characterized 
by the predominance of oogonia and primary oocytes in 
the chromatin nucleolus and/or perinucleolus stage. The 
vitellogenic stage (V) is marked by the presence of yolky 
oocytes. The cortical rod stage (C) is distinguished by the 
appearance of yolky oocytes with spherical or rod-like 
bodies at the peripheral cytoplasm. The spent stage (S) 
can be distinguished by the presence of few oocytes with 
yolky substance and/or cortical rods, thicker layers of 
follicle cells, and few darkly-stained, irregularly shaped 
primary oocytes. Individuals classified as stages II + and 
III+ showed similarity in size and shape of all lobes in the 
posterior thoracic region, and histologically, corresponded 
to the revised stages V and C, respectively. Histochemi­
cal staining shows that glycoproteins and lipids are 
absent in the primary oocytes and present in yolky 
oocytes. Glycoproteins but not lipids occur in the cortical 
rods. Analysis of variance showed significant differences 
in mean gonad weight and gonadosomatic index values 
but not in the mean body length and body weight values 
in stages P to C. Uniformity in the number, stage and 
composition of oocytes in the four regions of the ovary at 
each stage showed that stage of ovarian maturity in wild 
prawns can be represented by any region of the ovary. 
Differences in the oocyte size frequency and mean values 
of average and maximum oocyte diameter in the four 
stages showed that these are good indicators of stage of 
maturation in wild P. monodon.
•Trino AT, Fortes KD. 1989. Food preference of 
wild milkfish juveniles in connection with habi­
ta t and food available. J. Aquacult. Trop. 4:1-7.
Through quantitative determination of the gut 
content of wild milkfish (Chanos chanos) juveniles, the 
study aimed to evaluate the food preference of the fish in 
relation to its availability in the pond so that necessary 
measures can be taken to provide such food to the feeding 
organisms. Wild juveniles of milkfish and plankton 
samples were collected in a mangrove lagoon at Nabunut 
Island. Various types of food organisms found in the 
mangrove plankton samples and food components in the 
gut of milkfish were then tabulated and compared. The 
gut content of the fish examined showed a preponderance 
of detritus, plant debris and fine sand particles. These 
organic materials without mixture of live food organisms 
were found in 64.5% of the fish collected. Other food
ingested consisted of live food organisms but their pro­
portion in the gut was smaller compared to the proportion 
found in the natural environment. Milkfish juveniles, 
upon entering depositional environments, prefer to feed 
on detritus. The pathway of energy flow in this kind of 
environment is for the food to pass through a detrital 
chain before being utilized by milkfish. The functional 
concept and evidence of this pathway is not restricted 
to natural ecosystems but may also prevail in pond 
environments.
Percentage of plankton organisms in the gut of milkfish 
juveniles (A) and in the environment (B), and percentage of 
milkfish juveniles with these organisms in their gut (C) (Modi­
fied  from Trino & Fortes, J. Aqua. Trop. 4:4. 1989)
Organism (A) (B) (C)
Phytoplankton
Filam entous 
green algae 65.57 11.47 34.21
Diatoms
Navicula 3.52 25.24 9.65
Nitzschia 5.40 28.62 3.07
Amphora 0.06 1.90 2.19
Bacteriastrum 0.23 0.04 1.30
Closterium 0.71 1.80 0.88
Surirella 0.06 0.18 0.88
Leptocylindrus - 0.8 -
Coscinodiscus - 0.5 -
Synedra - 0.35 -
Pleurosigma - 0.30 -
Melosira - 0.10 -
Rhizosolenia - 0.08 -
Asterionella - 0.06 -
Trichodesm ium - 0.04
Skeletonema - 0.03 -
Thallasiothrix - 0.03 -
Biddulphia - 0.01 -
Zooplankton
Copepods 6.45 21.34 32.02
Dinoflagellates 17.87 2.22 3.95
Brachionus 0.07 0.93 0.88
Crustacean larvae 0.07 0.93 0.88
Nematodes - 2.65 -
Fish eggs - 0.36 -
Others
D etritus - - 100.00
P lan t debris - - 100.00
Sand grain - - 100.00
Total number of milkfish juveniles collected and 
analyzed = 228; with no live food organisms in their gut = 147.
SEAFDEC/AQD 1989 Annual Report 29
R esearch  Sem inars
Date Title Speaker
19Jan Dietary studies in the yellowtail (S. quinqueradiata), Japanese 
flounder (P. olivaceus), and black tiger prawn (Penaeus monodon)
K. Kuroki*
20 Jan Publishing in Aquaculture GAE Gall*
31 Jan Sea bass culture in Australia J. Russel, C. Keener, N. Gillespic*
2 Feb Effects of dietary fiber on protein utilization of supplemental 
feeds of milkfish in brackishwater ponds N. Sumagaysay
17 Feb The effect of carbohydrate levels on growth and apparent 
protein digestibility in Penaeus monodon
M.R. Catacutan
23 Feb Sex determination in tilapia G.C. Mair*
2 Mar Effect of lipid intake on growth of milkfish fry V.R. Alava
9 Mar Disease diagnosis and control in Indonesian shrimp hatcheries M.C.L. Baticados
10 Mar Coral reefs management and fish sanctuaries AC. Alcala*
10 Mar Mangrove reforestation and eel grass communities M. Fortes*
14 Mar Country-side development through small-scale fisheries: 
seafarming and territorial use rights
FJ, Lacanilao
17 Mar Improved larval production of Asian sea bass (Lates 
calcarifer) using HUFA-enriched live food
P. Dhert
22 Mar Induced spawning of bighead carp (Aristichthys nobilis ) by 
intraperitoneal injections of LHRHa and domperidone
AC. Fermin
6 Apr Dietary manipulation to control the chronic softshell syndromeitgpaw,Pus 
monodon
M.N. Bautista
6 Apr Defatted soybean meal and Leucaena leaf meal as 
protein sources for Penaeus monodon juveniles
F.P. Pascual
10 Apr Economic analysis of an integrated milkfish broodstock 
and hatchery operations as a public enterprise
R.F. Agbayani
11 Apr Growth performance and survival of Oreochromis niloticus, 
O. mossambicus and their F1 hybrids at various salinities
C.T. Villegas
26 Apr Development and improvement of a new system for crustacean 
maturation study using live food
J. Queiroz*
27 Apr Utilization of Artemia biomass as a feed source in aquaculture P.A . Tackaert
4 May Farming of mud crab (Scylla serrata) at different stocking 
densities in ponds
E. Rodriguez
11 May Effect o f  different salinity levels on spawning/hatching, and Y. Yashiro
30 SEAFDEC/AQD 1989 Annual Report
larval rearing of white shrimps (Penaeus indicus and 
P. merguiensis)
18 May Studies on the functional morphology of the testis in two species 
of freshwater sculpins
G.F. Quinitio
25 May The ecological, social and economic implications of 
intensive prawn farming
J.H. Primavera
15 June Identification, purification and characterization of 
vitellin in shrimp, Pandalus kessleri
E.T. Quinitio
6 July Use of reference fish as internal control for environmental 
variance in tilapia strain comparison
Z.U. Basiao
13 July In-house publishing at AQD: PRC, Publications Section, etc. I.J. Dogma, Jr.
3 Aug Identification and control of bacteria isolated from exoskeletal 
lesions of the tiger prawn, Penaeus monodon
G. Lio-Po
16 Aug Intensive kuruma prawn (Penaeus japonicus) culture in Japan E. Coniza
24 Aug Endogenous and exogenous ammonia excretion in sea bass J.M.E. Almendras
7 Sept Effect of dietary lipid sources on the reproductive 
performance of Penaeus monodon broodstock
O. M. Millamena
14 Sept Effects of dietary stress on the growth of three Nile 
tilapia strains
M.R. Romana
28 Sept Hormonal induction of spawning mature female sea bass, 
Lates calcarifer (Bloch)
L. Ma. B. Garcia
2 Oct The biology and phenology of the Sargassum beds in 
Bolinao, Pangasinan
G. Trono, Jr.
9 Oct Female-specific protein, lipovitellin, molting cycle 
and ovary index of Penaeus monodon
R. Yashiro
12 Oct Preliminary results on the field cultivation of Gracilaria 
utilizing vegetative fragments
A. Ponce
19 Oct Induction of sex inversion in juvenile grouper, Epinephelus 
malabaricus, by biweekly injections of 17 α-methyltestosterone
J. Tan-Fermin
30 Oct Deep water rice-fish culture P. Mukhopadhyay*
16 Nov Body size profile and reproductive capability 
of six Brachionus plicatilis stocks given different 
algal feeds in semi-continuous culture
M. de la Peña
23 Nov Size and weight-dependent cannibalism in hatchery-bred 
sea bass, Lates calcarifer
M. Parazo
7 Dec Salinity adaptations in the milkfish, Chanos chanos C. Swanson*
*Visiting Scientist
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R esearch  Awards
AQD won the best paper award in the Fish­
eries and Aquatic Resources Category in the 
first national research symposium of the Bu­
reau of Agricultural Research, Department of 
Agriculture (Philippines).
The paper was “Luminous Bacterial Dis­
ease of Penaeus monodon Larvae in the Philip­
pines” by C.L. Pitogo, M.C.L. Baticados,
E.R. Cruz, and L. de la Peña, and earned a cash 
award of US $150 and a plaque. The paper was 
presented in the symposium held 2 August 
1989 in Diliman, Quezon City, Philippines.
The abstract of the winning paper follows:
“Larvae mortalities associated with luminescence 
occurred in epizootic proportions in black tiger prawn 
(Penaeus monodon) hatcheries in Panay Island, Philip­
pines. Luminescent vibrios, identified as Vibrio harveyi 
and V. splendidus, were isolated from infected larvae but 
not from uninfected ones. These bacteria were also 
recovered readily from seawater samples from nearshore 
areas, the main source of hatchery rearing water. Thus, 
it is possible that the nearshore seawater is the source of 
infection.
“Pathogenecity tests with V. harveyi resulted in sig­
nificant mortalities of larvae and postlarvae of P. monodon 
within 48 h of challenge. Scanning electron microscopy 
showed bacterial colonization of the feeding apparatus 
and oral cavity of the larvae, suggesting an oral route of 
entry for the initiation of infection.”
Last year, two AQD papers tied for first 
place in the prestigious Elvira O. Tan Memorial 
Award for Fisheries Research given by the 
Dept. of Science and Technology, Philippines: 
The effect of diet on the reproductive perform­
ance of pond-reared Penaeus monodon Fabri­
cius broodstock authored by AQD Research
Associate Oseni M. Millamena with Jurgenne 
H. Primavera, Rosario A. Pudadera, and Rose­
marie V. Caballero, and the other, Effects of 
supplementary lecithin and lipid sources on the 
growth and survival of Penaeus monodon 
juveniles by Felicitas Piedad-Pascual, AQD 
Scientist. AQD also won the best scientific 
paper for the first Dr. Elvira O. Tan Memorial 
Award in 1987. Entitled Studies on the chronic 
soft-shell syndrome in the tiger prawn Penaeus 
monodon Fabricius in brackishwater ponds, 
the paper was written by AQD Research Asso­
ciate Ma. Cecilia Baticados with co-author 
Relicardo Coloso and Roselyn Duremdez-Fer­
nandez. It was published in Aquaculture. In 
the same year, three AQD junior scientists won 
the Naga Award (given to the best scientific 
paper in fisheries and aquaculture written by 
authors from a developing country) of the Inter­
national Center for Living Aquatic Resources 
Management (ICLARM) for their paper The 
effects of water hardness on the hatching and 
viability of silver carp (Hypophthalmichthys 
molitrix) eggs published in Aquaculture.
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TRAINING
Mandated to develop human resources for 
aquaculture, AQD continued to receive trainees 
from Member Countries as well as other nation­
als for regular short-term training programs on 
various aspects of aquaculture.
During the year, AQD conducted the follow­
ing training courses:
Training Courses
Seventh UNDP/FAO-NACA- UPV-SEAFDEC/AQD 
Senior Aquaculturists Training Course
Eighteen participants completed the one-year 
(17 March 1988-16 March 1989) UNDP/FAO-NACA- 
UPV-SEAFDEC/AQD Training Course for Senior Aqua­
culturists in Asia and the Pacific Region. The partici­
pants were from the People’s Republic of China (2), India
(1), Indonesia (1), Republic of Korea (1), Malaysia (1), 
Philippines (8), Sri Lanka (2), Thailand (1), and the 
Socialist Republic of Vietnam (1).
The training course was conducted at TRS and 
LBS of SEAFDEC/AQD, the University of the Philip­
pines in the Visayas (UPV), and the Network of Aquacul­
ture Centres in Asia (NACA) regional lead centers in 
India, Thailand, and China. The degree Masters in 
Aquaculture was awarded to the graduates by UPV 
during its 1989 commencement exercises.
Fish Health Management
The Fish Health Management Course was 
conducted from 16 February to 15 March at TRS. Two 
participants came from Indonesia, four from Malaysia, 
seven from the Philippines, and four from Thailand. Ten 
participants were sponsored by SEAFDEC, six by the 
Government of the Netherlands through the Direct Aid to 
Educational Establishments in Developing Countries 
Programme, and one by the UN Food and Agriculture 
Organization.
Culture of Natural Food Organisms
The training was held from 11 April to 9 May at
TRS and attended by 12 trainees from six countries, i.e., 
Philippines (4), Thailand (3), Malaysia (2), Indonesia (1), 
Sri Lanka (1) and the Yap State (1). Seven of the trainees 
enjoyed SEAFDEC fellowships, four were funded by the 
Food and Agriculture Organization, and one was sup­
ported by the International Development Research Centre 
of Canada.
B rakishw ater Pond Culture
The one-month training course conducted 11 
May-9 June at TRS and LBS was participated in by 14
SEAFDEC/AQD Training Courses: annual occasions for a gathering of Asian and other nationals eager to learn the fundamentals 
and practice of aquaculture. Above, the Department Deputy Chief, trainors, and first (1989) batch of trainees (14) in Fish Nutrition.
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F ish  H ea lth  M anagem en t (top), P raw n  H atchery  & N ursery  M anagem ent 
an d  O perations (righ t) an d  H atchery  of M arine F infishes (page bottom ) are  
favorite tra in in g  courses, respectively  w ith 1 7 , 41 an d  18 tra in ees in  1989, m ost 
of them  u n d e r th e  sponsorsh ip  of th e ir  governm ents, FAO/UNDP, ADB, 
USAID, IDRC, an d  SEA FDEC.
trainees from the Philippines most of whom came from 
the private sector.
Prawn Hatchery and Nursery Management and  
Operations
A total of 23 Filipino participants attended the 
first session of the seven-week training held from 16 May 
to 4 June at TRS. Most of the participants came from the 
private sector.
The second session conducted from 1 August to 
19 September was attended by 18 participants from the 
Philippines (6), Malaysia (3), Singapore (1), Thailand (1), 
Indonesia (3), Papua New Guinea (1), Sri Lanka (2), and 
Nigeria (1). Fellowships were provided by SEAFDEC (4), 
FAO (1), ADB (2), and the US Agency for International 
Development (2).
Hatchery o f Marine Finfishes
The course was conducted at TRS. Eighteen 
trainees from four countries: the Philippines (13), Thai­
land (2), Malaysia (2), and Nigeria (1) attended the course 
from 11 July to 29 August. Five participants were 
supported by SEAFDEC while the others were funded by 
the Philippine Government, the Government of Nigeria, 
and the private sector.
Fish Nutrition
The course was conducted at TRS from 13 
September to 24 October with 14 trainees from five 
countries, i.e., the Philippines (7), Thailand (3), Malaysia
(2), Sri Lanka (1), and Papua New Guinea (1). Nine of the 
participants were sponsored by SEAFDEC, one by the
Asian Development Bank, one by the Food and Agricul­
ture Organization, one by the Universiti Sains Malaysia, 




Thirty-seven graduating students from fisher­
ies schools underwent practicum training at the follow­
ing TRS laboratories: Phycology, Finfish Hatchery, 
Microtechnique, Artemia, and Nutrition; and one was
34 SEAFDEC/AQD 1989 Annual Report
trained in pond culture at LBS. At the Binangonan 
Freshwater Station (BFS), eight students trained in 
different areas of aquaculture research.
Internship T raining
Forty Filipinos and three Indonesians were ac­
cepted for internship training in the following fields: 
Phycology, Microtechnique, Fish Health, Chemistry, and 
Finfish Hatchery. For the Indonesians, the internship 
formed an extension of their attendance in earlier regu­
lar training courses.
Sum m er Youth T rain ing Program
Pursuant to President Aquino’s directive to for­
mulate a program that will encourage students and out- 
of-school youth to engage in more productive endeavors 
during summer, AQD implemented a summer youth 
training program from 1 to 30 June 1989. A total of 25 
trainees were accommodated, nine of them under the 
internship training at BFS, while 16 were on-the-job 
trainees at LBS and Igang Substation.
SEAFDEC/AQD researchers and invited specialists tra in  
the trainees (top) and themselves undergo training in  the 
fundam entals of train ing (bottom).
Course Countries
7th Senior Aquaculturists Training Course
17 March 1988 - 16 March 1989 -18 Trainees
People's Republic of China
India Philippines
Indonesia Sri Lanka
Republic of Korea Thailand
Malaysia Vietnam
Fish Health Management Training Course





Culture of Natural Food Organisms





Prawn Hatchery & Nursery Management 
and Operations




Papua New Guinea Thailand
Brackishwater Pond Culture
11 May-9 June 1989 - 14 Trainees
Philippines
Hatchery of Marine Fishes
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EXTENSION
Extension services to the host country were 
generally carried out in coordination with the 
Philippines’ Department of Agriculture (DA) 
through a  series of outreach seminars and farm 
visits. All these activities were geared to bene­
fit the local small fish farmers and the poor 
fisher folks.
Extension activities also included participa­
tions in fairs and exhibits, assessment of the 
adoption of the small-scale shrimp hatchery 
technology, and the holding of the “Save-the- 
Fish” Poster-Slogan Contest.
O utreach  Sem inars, Farm  
V isits
AQD re search  personnel served as resource persons 
in  th e  following sem inars:
• S eries  o f sem in ars  on sh rim p  an d  m ilkfish 
cu ltu re  conducted by th e  R egional A gricu ltu ral and  F ish ­
ery  C ouncil in  Region XI, specifically in  T andag , Surigao 
del S u r; M ati, D avao O rien ta l; G eneral S an tos City, 
S o u th  C otabato; a n d  Digos, D avao del S u r, 20 J a n u a ry  to 
5 F eb ru a ry .
•  T ra in in g  sem in ar on sh rim p cu ltu re  con­
ducted  by  th e  Bicol R egional F isherm en’s T ra in in g  C en­
te r  in  Tabaco, A lbay, 16-17 M arch, a tten d ed  by A gricul­
tu ra l  P roduction  Technologists, DA personnel, and  fish ­
pond operato rs.
• Live-in sem in ar on sh rim p cu ltu re , and  n u ­
tr itio n  an d  feed developm ent for th e  fish fa rm ers  of 
M alandog, H am tik , A ntique, Philippines, 30-31 M arch. 
T h irty -fou r sm all fish  fa rm ers  an d  local DA s ta ff  a t ­
ten d ed  th e  sem in ar, w hich AQD co-sponsored w ith the  
DA-Regional R u ra l D evelopm ent P roject-A ntique In te ­
g ra te d  Sm all-scale F ish eries  D evelopm ent Project.
• F ir s t  P raw n  E ncoun ter in  Bicol Region con­
vened  by DA, th e  P rovincial A gricu ltu ral and  F ishery  
Council o f C am arin es  S ur, an d  th e  N aga C ity C ham ber of 
Com m erce an d  In d u s try  (NCCI), 21-22 M ay, in  N aga 
C ity, C am arin e s  S u r, Ph ilipp ines, a tten d ed  by shrim p 
grow ers from  Region V, NCCI Investors, DA personnel, 
a n d  fish  fa rm ers .
•  A  F ishery  Technician-C lientele S em in ar on 
Scientific A pproach to  P raw n  F arm in g  conducted by th e  
U n ited  Davao C ity P raw n  G row ers A ssociation, Inc. and  
D A  F ifty  p artic ip an ts  com prising DA A gricu ltu ra l Pro­
duction Technologists, sh rim p fa rm ers , techn icians, and  
feed dea lers  a tten d ed  th e  sem inar.
•  T ra in in g  sem in ar on sh rim p cu ltu re , tilap ia  
an d  carp  pen  a n d  cage cu ltu re , an d  polyculture of fin- 
fishes in  L egaspi C ity, A lbay, P h ilipp ines 26 to  28 Ju ly , 
conducted by AQD in  cooperation w ith  th e  DA, a tten d ed  
by sm all fish  fa rm ers, DA Personnel, a n d  A gricu ltural 
P roduction Technologists.
•  C onsu lta tion-v isits  by  re sea rch e rs  to  th e  
P raw n  H atchery  P roject in  B ais C ity, 4-6 Septem ber, 
th rough  th e  E xtension  P rogram , S illim an  U niversity ; to  
Gracilaria-fish ponds o f T ra p p is t M onks, Igdarapdap , 
N ueva V alencia, G u im aras, 22 Sep tem ber, th ro u g h  th e  
DA Secretary ; to  P an-ay , C apiz, 31 A ugust-1  Septem ber, 
to  assess  th e  u tiliza tio n  of b ean  clam s, th ro u g h  th e  m ayor 
of P an-ay; to  fa rm s in  G u im aras  Is lan d  a n d  Concepcion, 
Iloilo, 28-30 Ju n e .
Fairs and  E xh ib its
AQD jo ined  th e  T ig b a u a n  A g ro - In d u s t r ia l  
F a i r ,  T igbauan , Iloilo, 13-15 J a n u a ry  w hich h a s  for its  
them e “M ore Livelihood P rojects fo r Socioeconomic 
Developm ent.” T he fa ir  coincided w ith  th e  a n n u a l fies ta  
celebration of th e  m unicipality .
On 7-11 A pril, AQD p artic ip a ted  in  th e  A g ri- 
A q u a  F a i r  in  Iloilo C ity  in  com m em oration o f th e  88th  
founding an n iv e rsa ry  of th e  P rovince o f Iloilo.
AQD jo ined  th e  6 th  A g ri-A q u a  L iv e s to c k  
a n d  P o u l t r y  F a i r  ’89  jo in tly  sponsored by  th e  D epart­
m en t of A griculture an d  th e  Philipp ine C en te r for In te r ­
national T rade  an d  E xhibition  (PHILCITE), 26 M ay to  4 
Ju n e , a t  th e  C u ltu ra l C en te r o f th e  P h ilipp ines Complex, 
M etro M anila. AQD also p artic ip a ted  in  th e  T e c h ­
n o lo h iy a  P a m p a m ily a  ’89  sponsored by  SALVAPUL 
BAMUR, an  economic d is tric t in  N egros O ccidental 
composed of th e  m unicipalities of S alvador Benedicto, 
V alladolid, P u lu p an d an , Bago an d  M urcia , 1-4 Ju n e .
Also p artic ip a ted  w ere th e  A g ri-F o o d  F a i r  ’89  
in  Bacolod C ity, N egros Occ., 6-10 Decem ber, sponsored 
by DA an d  PH ILC ITE; an d  A g r ib i t io n  ’8 9  in  Iloilo City, 
11-18 Decem ber, sponsored by th e  RAFC an d  D A
P artic ip a tio n s in  th e  fa irs  included  conduct of 
aquacu ltu re  sem inars, dem onstra tions an d  consultations, 
video show ing of research  activ ities, a n d  photo an d  pub­
lications exhibits.
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Techno-Transfer Assessment
The Department conducted a survey to assess 
the extent of dissemination, transfer, and adoption of the 
small-scale prawn hatchery technology developed at 
SEAFDEC/AQD, to the underlying areas of AQD’s 
Tigbauan Research Station. The survey covered five 
municipalities and one district in Iloilo City.
Actual count for the southwestern coastal ar­
eas in the Province of Iloilo registered a total of 91 
operational hatcheries and 12 under construction as of 
31 March 1989, compared to only 44 in December 1988.
The preliminary findings are as follows:
N um ber of runs/year : 6-8 runs
Production : 100,000-500,000 fry/run
Fry stage a t  harvest : PL16-PL20
H atchery floor area : 300-500 m2
Cost of fry : Min - P0.14/pc; 
Max - P0.25/pc
Cost of spawner : P300-500/piece (Stage III) 
P800-900/piece (Stage IV)
Investm ent : P100,000-200,000 capital outlay 
P10,000-15,000/run
H atchery facilities : 1-4 un its of concrete tanks or
m arine plywood tanks (12-ton capacity) 
1-4 un its concrete algal tan k  (1-5 ton capacity)
The most common problems cited by the opera­
tors and technicians included the following: (1) occur­
Sm all-scale sh rim p  h a tch e rie s  p ro life ra te  in  th e  vicinities 
o f T igbauan  M ain S ta tio n  - 44 in  Dec. 1988, 91 + 12 u n d e r con­
struction  in  M ar. 1989.
rence of diseases in the hatchery, (2) high mortality of fry,
(3) inadequate supply of spawners, (4) very erratic price 
of fry, (5) lack of technical consultants and skilled techni­
cians, and (6) lack of regular fry buyers.
“Save-the-F ish” P oster-S logan  
C on test
To foster awareness among the Philippine citi­
zenry of the importance of fishery resource conservation, 
AQD, with financial assistance by SEAFDEC Secretar­
iat, held the “Save-the-Fish” Poster-Slogan Contest in 
Region VI (Western Visayas), Philippines.
A total of 529 entries were received from chil­
dren aged 10 and below. The first prize (US $500 plus 
trophy) went to a Grade III pupil from Iloilo City, two 
second prizes (US $350 plus trophy) went to a Grade III 
pupil also from Iloilo City and to a Grade IV pupil from 
Bacolod City, while the third prize (US $250 plus trophy) 
went to a Grade III pupil from Alimodian, Iloilo. Ten 
consolation prizes (US $50 each) were also awarded.
Tow ard conservation  of fishery  resource: AQD 1989 "Save-the- 
Fish" Poster-S logan C ontest. Top, w inners w ith  top officials of the 
D epartm en t; left, f irs t prize e n try  (orig inal in  full color, 8 1/2x11").
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INFORMATION
AQD continued acquisition and pro­
cessing of information materials through its 
library and documentation services. Produc­
tion of in-house publications was intensified. 
Manuals, pamphlets, newsletters, and other 
extension materials were produced and circu­
lated worldwide.
Library S erv ices
Accessioned were 538 monographic volumes, 
195 pamphlets and 154 SEAFDEC publications. Check- 
listed were 1,706 journal issues (912 from Gifts and 
Exchanges, and 794 from paid subscriptions). Also re­
ceived from Gifts and Exchanges were 456 monographs, 
446 reprints, 20 pamphlets, 6 new journal titles, 10 micro­
fiches, and 74 brochures, posters, leaflets, and annual 
reports.
The present collection stands at 9,224 mono­
graphic volumes; 4,725 pamphlets; 1,997 SEAFDEC 
publications; and 3,403 journal volumes.
A total of 7,949 readers were recorded for 997 
hours of library service during the second half of 1989, 
making an average of 8 readers per hour. A total of 745 
external users were also recorded during the period, with 
students, researchers, and faculty members of the Uni­
versity of the Philippines in the Visayas.
D ocum entation  S erv ices
A total of 72 queries from 24 countries were 
served, about 60% of which were queries on specific titles. 
Requests came mostly from researchers and students, 
and their queries were on prawn, shrimp, grouper, mol­
luscs, and aquaculture in general.
There are now 438 records added to the SEAFIS 
data base of Filipiniana fisheries and aquaculture, bring­
ing to a total of 1,768 records in the SEAFIS data base.
BRAIS N etw orking
The BRAIS data base now contain about 5,000 
entries. These were acquired through survey, acquisi­
tion, exchange program arrangements, and networking 
activities. Through PhilBRAIS, a Literature Collection 
Travel was conducted in Luzon Area, the Philippines in 
February-March, and a total of 161 materials were gath­
ered. Received from IndoBRAIS were 1 conference pro­
ceedings, 1 monograph, 1 journal issue, 6 technical pa­
pers, 42 input sheets, and 1 thesis; from MalayBRAIS -4 
theses and dissertations, and 18 monographs; and from 
ThaiBRAIS, 237 input sheets.
SEAFIS A ctivities
Participation of AQD in the SEAFIS project of 
the SEAFDEC Secretariat came in the form of compila­
tion of materials for the Philippine component in the 
Regional Fisheries Bibliography, and compilation of the 
Philippine Fisheries Bibliography:
SEAFDEC/AQD library, one of the richest in aquaculture 
literature in Asia: 9,224 monograph volumes, 4,725 pamphlets, 
3,403 journal volumes, 1,997 SEAFDEC publications. In 1989 
745 non-AQD personnel used the facilities and 72 written 
inquiries from 24 countries were served.
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- Regional Fisheries Bibliography
Philippine literature on fisheries and aquaculture 
with publication dates beginning 1985 were collected 
from the AQD Library collection, inputted into the 
SEAFIS worksheets and sent to SEAFDEC Secretar­
iat, Bangkok, Thailand. A total of 441 records (biblio­
graphic information) were dispatched to SEAFIS.
- Philippine Fisheries Bibliography 
Compilation of materials for Philippine Fisheries 
Bibliography began with the assessment of the AQD 
Library collection of Philippine literature on fisher­
ies and aquaculture. Initial assessment revealed 
that at least 1,768 records could be included in the 
compilation. In addition, AQD’s Filipiniana records 
showed a total of 438 bibliographic information for 
inclusion in the compilation.
P u b lication s
Printed in 1989 were the following:
Aquaculture Extension Manuals (AEM)
Nutrition and Feeding of P. monodon, AEM No. 3, 
Third Edition.
Farming of Prawns and Shrimps, AEM No. 5, Fourth 
Edition.
Broodstock of Sugpo, Penaeus monodon Fabricius, 
AEM No. 7, Fourth Edition.
Prawn Hatchery Design and Operation, AEM No. 9, 
Fourth Printing, Second Edition.
Biology and Culture of Sea Bass (Lates calcarifer), 
NACA Training Manual Series No. 3, reprinted 
with permission as AEM No. 11.
A Prototype Warm Water Shrimp Hatchery, NACA 
Training Manual Series No. 4, reprinted with per­
mission as AEM No. 12.
An Improved Traditional Shrimp Culture Technique 
for Increasing Pond Yield, NACA Tech. Series No. 
5, reprinted with permission as AEM No. 13.
S h rim p  H atchery Design, O peration a n d  M anage­
m ent, NACA T ra in in g  M an u a l S eries No. 1, re ­
p rin ted  w ith perm ission a s  AEM  No. 14.
S h rim p  Culture: P ond Design, Operation a nd  M a n ­
agement, NACA T ra in in g  M an u a l S eries No. 2, re ­
p rin ted  w ith  perm ission as AEM No. 15.
A q u a c u ltu r e  E x ten sio n  P a m p h le ts  (AEP)
Recent D evelopments in  P raw n P ond C ulture an d  
M anagem ent, A EP No. 1.
F eeding P raw ns for Grow-Out Culture, A EP No. 2.
Recom m ended Practices for D iseases Prevention in  
P raw n an d  S h r im p  Hatcheries, A E P No. 3.
C ulture o f  Sea  Bass, SAFIS No. 11, rep rin ted  in  May.
N e w s le tte r s
SE A F D E C  A sia n  A quacu lture  (quarterly )
Vol. X, No. 3, S ep tem ber 1988
Vol . X, No.4, D ecem ber 1988
Vol. XI, No. 1, M arch 1989
Vol. XI, No. 2, Ju n e  1989
Vol. XI, No. 3, S ep tem ber 1989
Vol. XI, No. 4, D ecem ber 1989
A qua  F arm  N ew s  (bim onthly)
Vol. VI, No. 6, N ovem ber-D ecem ber 1988
Vol. VII, No. 1, Ja n u a ry -F eb ru a ry  1989
Vol. VII, No. 2, M arch-A pril 1989
Vol. VII, Nos. 3 & 4, M ay-June, Ju ly -A u g u st 1989
Vol. VII, No. 5, Septem ber-O ctober 1989
Vol. VII, No. 6, N ovem ber-D ecem ber 1989
In terna l N ew ssheet
A qua  D ep’t N ew s  (fortnightly)
Twenty-five issues w ere published.
P o s te r
P oste r No. 2, L ife  cycle o f  praw n , Penaeus monodon
B R A IS  P u b lic a tio n s
B rackishw ater A quacu lture A bstracts
Vol. 4, No. 3, N ovem ber-D ecem ber 1987
Vol. 4, No. 4, Ja n u a ry -F eb ru a ry  1988
Vol. 4, No. 5, M ay-June 1988
Vol. 4, No. 6, A ugust-S ep tem ber 1988
M ilkfish  A bstracts
Directories
Directory o f  B rack ishw ater A quacu ltu re  Scien tists
Directory o f  B rackishw ater A quacu lture Institu tions
State-of-the-Art Review
Biology a n d  C ulture o f  Penaeus m onodon
B R A IS  N ew sletter  (quarterly )
Vol. 3, No. 4, October-D ecem ber 1988
Vol. 4, No. 1, Jan u a ry -M arch  1989
D ep artm en t publications a re  m ade ava ilab le  w orldwide to  
various clientele. Left, S ales/C ircu la tion  room  for AQD-pro­
duced publications.
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ADMINISTRATION
Resource optimization continued to be a 
management concern. Administrative policies 
took into account efficient and effective utiliza­
tion of manpower and infrastructures.
P erson n el
A s of 31 D ecem ber 1989, th e  re g u la r s ta ff  of AQD 
to ta led  383, w ith  167 in  R esearch, 17 in  T ra in ing , 27 in  
Inform ation, 126 in  A dm in istra tive , 25 in  F inance, and  
21 in  th e  Office of th e  Chief.
AQD also  availed  of th e  services of the  
following foreign sc ien tis ts  an d  local consultan ts: S a ­
to ru  Fukum oto , D epu ty  Chief; T suneo K um e, A kim asa 
N agai, Ja p a n e se  E xperts; Gavino Trono, C o n su ltan t for 
Seaw eeds Project; R. G otera, E d ito ria l C onsu ltan t; 
E duardo  R ondain , P ersonnel an d  Legal C onsultan t; 
H ector Teodosio, C onsu ltan t/L egal C ounsel; an d  P h il­
ippe D hert, R esearch  A ssociate.
Voluntary Resignation  Package
On 26 January  1989, AQD implemented a volun­
tary resignation package for its employees who resigned 
during the period 1 January  to 28 February. The package 
included an increased resignation benefit equivalent to 
one month gross pay multiplied by the number of years in 
the service, plus P2500 for every year of service. This was 
intended to achieve an acceptable ratio of research to 
non-research personnel, a t the same time providing 
acceptable resignation benefits. One hundred fifty-nine 
resigned from AQD, 144 of whom availed themselves of 
the voluntary resignation package.
A dm inistrative  Committee
Pursuant to Regulation 20 of the Administrative 
Regulations, the Administrative Committee for AQD 
was created, composed of the Deputy Chief; the Heads of 
Administration, Research, Training, Information, and 
Finance Divisions; and the Head of Internal Audit. The 
Committee is chaired by the Head of Administrative 
Division.
H ospital Insurance Plan
Pursuant to Regulation 15 of the Administrative 
Regulations, a  Group Hospital Insurance Plan was 
adopted for all AQD regular employees and their eligible 
dependents effective 1 March 1989.
New Allowance
In  an tic ipa tion  of th e  N ew  M inim um  W age Law, 
an  additional m onth ly  allow ance o f P900  w as g ran ted  to 
em ployees of AQD reg ard less  o f ra n k  effective 1 Ju n e  
1989. P a r t  of th is  allow ance w as subsequen tly  in te ­
g ra ted  in  th e  em ployees sa laries, a s  provided for by  law.
Incentive Allowance for  Senior Research  S ta ff
An incentive allow ance system  for sen ior re ­
search  s ta ff  w as adop ted  effective 1 J u n e  1989. T he 
system  provides cash  incentives to  AQD sen io r research  
s ta ff  who have pub lished  research  p ap e rs  in  scientific 
jo u rn a ls  covered in  C urrent Contents. T h is  system  was 
in tended  to  stop fu r th e r  loss o f sen io r researchers.
Amended Pay Scale
T he pay  scale of th e  D ep artm en t w as am ended  to 
accom m odate wage increases m an d a ted  by th e  Govern­
m en t of th e  P hilippines. R easonable in creases w ere also 
m ade in  th e  sa la ries  of sen io r re search  staff.
Royalty/Honorarium for Authors o f  AQD In-House 
Publications
T he guidelines on th e  g ra n tin g  o f royalty  and 
honorarium  to au th o rs  of AQD in-house pub lications and  
o ther com m unication m a te r ia ls  w ere rev ised  giving more 
benefits to  th e  au th o rs.
Upgrading o f  Employees
U pgrad ing  of em ployees u n d e r th e  ex isting  posi­
tion classification w as m ade effective upon  satisfaction 
of th e  m in im um  req u irem en ts  of th e  job.
Staff D evelop m en t and  
A ctiv ities
H um an resource developm ent w as p u rsu ed  w ith  
th e  a tten d an ce  of several of th e  s ta ff  in  degree an d  non­
degree program s; p artic ip a tio n s in  sym posia, confer­
ences, and  sem inar-w orkshops; an d  involvem ent in  tech­
nical consultations.
T he AQD personnel who benefited  from  th e  s ta ff 
developm ent program  a re  as follows:
• Degree P rogram
G. Q u in itio  - Doctor of F isheries Science, Hokkaido 
U n iv e rs ity ,  H o k k a id o , J a p a n ,  th ro u g h  
M onbusho scholarsh ip  g ran t.
R . B u e n su c e so  an d  J . S a lie n te  - M aster of 
A quaculture, U niversity  of th e  Philipp ines in
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th e  V isayas, Philipp ines, th ro u g h  NACA schol­
a rsh ip  g ran t.
D .  E s t e n o r  - M.S. in  M arine  Ecology, Vrije U niver­
s ite it B russels, Belgium , th ro u g h  fellowship 
g ra n t from  th e  A rtem ia  Reference C enter.
R . F e r n a n d e z  is  p u rsu in g  fu r th e r  g rad u a te  s tu d ­
ies on F ish  D iseases (F ish Virology) a t  Hokkaido 
U niversity , J a p a n  s ta r tin g  A pril, th rough  
M onbusho scholarsh ip  g ran t.
A . G a lle g o  is  p u rsu in g  a  Ph.D . program  a t  the  
U n iversidad  de H enares, M adrid , S pain  begin ­
n in g  Ju ly , th ro u g h  scholarship  g ra n t from  
U niversidad  de H enares.
Z. B a s ia o  is  p u rsu in g  doctoral degree in  Biology 
(F ish G enetics) a t  D alhousie U niversity , H al­
ifax, N ova Scotia, C an ad a  beginning  Septem ­
ber, u n d e r IDRC fellow ship g ran t.
C . M a r te  is  com pleting a  doctoral degree in  Zool­
ogy a t  th e  U n iversity  of S ingapore u n d er IDRC 
fellowship g ran t.
G .  L io -P o  is  p u rsu in g  doctoral degree in  Biologi­
cal Sciences a t  th e  Sim on F ra se r U niversity , 
B urnaby , B ritish  C olum bia, C an ad a  begin ­
n in g  A ugust, u n d e r IDRC fellow ship g ran t.
• Non-D egree P rogram
A . G a lle g o  - 12-m onth tra in in g  in  shellfish depu­
ra tio n  an d  bivalve cu ltu re  a t  IFR EM ER  Labo­
ra to ry , F rance
E . C o n iz a  - 11-week tra in in g  on in tensive praw n 
cu ltu re  in  K agoshim a, J a p a n
E . C ru z  - 8-m onth  tra in in g  program  on Tropical 
F ish  H ea lth  a t  th e  U niversiti P e rtan ia n  M a­
laysia
A . G o n z a l - 4 -m onth  9 th  T ra in in g  Course in  In te ­
g ra ted  F ish  F arm in g  in  W uxi, People’s R epub­
lic of C h ina
C. P i to g o  - 10-day tra in in g  course on D isease Di­
agnosis an d  C ontrol in  M arine Shrim p C u ltu re  
in  Tuczon, A rizona, U.S.A. an d  a  3-m onth 
tra in in g  course in  Bacteriology a t  Sim on F rase r 
U niversity , B ritish  C olum bia, C anada
G. L io -P o  - 2-m onth tra in in g  on F ish  Virology a t  
Pacific Biological S ta tion , B ritish  Columbia, 
C an ad a
A . D u l le r  an d  D . R e y e s , J r .  - 3-m onth In te rn a ­
tio n a l T ra in in g  C ourse on A rtem ia  a t  G hent, 
B elgium
M . d e  l a  P e ñ a  an d  N . G u a n z o n , J r . ,  - 1-month 
Advance M esocosm tra in in g  course in  Xiam en, 
C hina
• A ttendance in  in te rn a tio n a l sem inars, sym posia an d
conferences, an d  involvem ent in  techn ical consu lta ­
tions:
J .  P r im a v e r a  - T h ird  M eeting  of th e  Provisional 
G overning Council o f th e  N etw ork  of A quacul­
tu re  C en tres in  A sia (NACA), B angkok, T h ai­
land , 10-13 J a n u a ry
M .C. B a ticad o s-T ech n ic a l F ish  H ea lth  P rogram  a t  
th e  U n iversiti P e r ta n ia n  M alay sia  (UPM ), 23- 
27 J a n u a ry , an d  IDRC W orkshop on H istopa­
thology also a t  U PM , 30 Ja n u a ry -4  F eb ru a ry
V. S u li t ,  M .C. O r te g a  an d  D .Z . B e rm e jo  - SEAFIS 
S em in ar on F ish e ry  an d  A quacu ltu re  In fo rm a­
tion  in  S o u th eas t A sia, B angkok, T hailan d , 7- 
10 F eb ru a ry
D . B e rm e jo  - E cho-sem inar on CD S/ISIS opera­
tions for ThaiB R A IS P ro ject s ta ff  in  Bangkok, 
T hailand , 11-15 F eb ru a ry
C. M a r te  an d  F .P .  P a s c u a l  - W orkshop on Ad­
vances in  T ropical A quacu ltu re , T ah iti, 20 
F eb ru ary -4  M arch
W . G a b u e lo  - E cho-sem inar on CD S/ISIS for 
M alayBRAIS an d  M ALFIS s ta ff  in  Penang , 
M alaysia , 12-18 M arch
E . A r a l a r  - F irs t  W orkshop on U lcerative F ish  
D isease an d  E nvironm en t, B angkok, T hailand , 
20-24 M arch
L . C a b a b a s a y  - E cho-sem inar on C DS/ISIS for 
IndoBRAIS s ta ff  in  J e p a ra , Indonesia , 26 
M arch-1 April
F . L a c a n i la o ,  F . P a s c u a l ,  G . P o , C . V ille g a s , Z. 
B a s ia o , R . R o m a n a ,  M . B a u t i s ta ,  L .M . 
G a rc ia ,  R  .A g b a y a n i - Second A sian  F isheries 
F orum  in  Tokyo, J a p a n , 17-22 A pril
C . M a r te  - XIth  Sym posium  on C om parative 
Endocrinology, M alaga, S pain , 14-20 M ay, and  
sa te llite  sym posium  on A pplications o f Com­
p ara tiv e  Endocrinology to  F ish  C u ltu re , Al­
m unecar, G ran ad a , 22-23 M ay
O . M illa m e n a  and  J .  F e r m in  - 5 th  In te rn a tio n a l 
C onference on In v e rteb ra te  Reproduction, 
N agoya, J a p a n , 23-28 J u ly
M . C . B a t ic a d o s  - M alaysian  F ish e ries  Society 
F orum  in  A quacu ltu re , K u a la  L um pur, M alay­
sia, 14-19 A u g u st a n d  lec tu red  on P raw n  D is­
eases, S ingapore, 19 A u g u st 
J .  P r im a v e r a -T h ird  N ationa l C oordinators M eet­
in g  of th e  R egional S eafarm in g  D evelopm ent 
an d  D em onstra tion  P ro ject in  Q uindao, C hina, 
24-27 A ugust, an d  v is it to  th e  A sian  Pacific Re­
gional R esearch  an d  T ra in in g  C en tre  for In te ­
g ra ted  F ish fa rm in g  in  W uxi, C h ina, 30 A u­
g u st-1 S ep tem ber
M . P a r a z o  an d  V . A la v a  - In te rn a tio n a l F ish
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N u tritio n  Sym posium , K eelung, T aiw an , 6-7 
S ep tem ber
R . A g b a y a n i  - W orkshop in  S an ita tio n  an d  M ar­
k e tin g  of M olluscs, F rance, 15-28 October
J .  P r im a v e r a  - 3 rd  B raz ilian  S hrim p T ra in in g  
C ongress, Joao  Pessoa, B razil, 16-20 October.
A . S a n t ia g o ,  M .R . R o m a n a  an d  R . E g u ia  - 
A quacu ltu re  G enetics N etw ork  Conference, 
S ingapore, 12-18 N ovem ber
J .  F e r m in  - In te rn a tio n al Sym posium  on Horm ones
an d  th e  E nvironm ent, U niversity  of Hong Kong, 
H ong Kong, 18-20 D ecem ber
• A ttendance in  n a tio n a l sem inars, sym posia an d  confer­
ences, an d  invo lvem ent in  technical consultations:
A . T r iñ o  an d  G .P .B . S a m o n te  - S em inars on 
p raw n  a n d  b an g u s cu ltu re  in  T andag , Surigao 
del S u r; M ati, D avao O rien ta l; G enera l Santos 
C ity; a n d  Digos, D avao del S ur, 20 J a n u a ry  - 5 
F eb ru a ry
I .  D o g m a , J r .  - S em in ar on p raw n  cu ltu re , p es t 
an d  d iseases in  th e  R egional D em onstra tion  
C en te r o f DA-III, H anga, Hagonoy, B ulacan, 
21-23 F eb ru a ry
R . R o ld a n  - M odule I: B asic C ourse on T ra in in g  
N eeds A nalysis an d  F ac ilita tin g  Techniques, 
P h ilipp ine H um an  R esources D evelopm ent 
C en te r (PHRDC), M anila , 6-10 M arch
F . L a c a n i la o ,  J .  P r im a v e r a  an d  J .  L a g o c  - Re­
g ional Sym posium  on C oastal F isheries Con­
servation  an d  D evelopm ent, Iloilo C ity, 9-11 
M arch
K . C o r r e  - S em in a r on P raw n  C u ltu re , Bicol Re­
g ional F ish erm en ’s T ra in in g  C en ter, Tabaco, 
A lbay, 16-17 M arch
A . S a n t ia g o  a n d  A . G o n z a l  - S em in ar on S ettin g  
up  o f E nv ironm en ta l S ta n d a rd s  for Developing 
C ountries, M anila , 30-31 M arch
V . S u l i t  - W orkshop on A gricu lture S ta tis tics , 
Iloilo C ity, 31 M arch
N . G o lez  - Iloilo In v en to rs  Forum , Iloilo C ity, 9 
A pril
P .  D h e r t  an d  R . B o m b e o  - S em in ar on Com m er­
cial H a tchery  T echn iques o f F ish , P raw ns and  
O th e r C ru stacean s, M anila , 15 A pril
V . S u l i t  - S em in ar on C om m unicating G overn­
m en t P rogram s, D evelopm ent Academ y of th e  
P h ilipp ines (DAP), T agay tay  C ity, 17-21 A pril
R . B u e n s u c e s o  - AQUASOC A quacu ltu re  K a­
p ih an  on In v e s tm e n t P rospects of In tensive 
M ilkfish C u ltu re , Iloilo C ity, 13 M ay
L . O n ia te  - T raining-W orkshop on Basic Audio- 
V isual Production Techniques, M anila, 15-26
May.
R . E s p in o s a ,  J r .  - S em in ar on P rac tical S tra teg ies 
in  M ateria ls  M anagem ent, Bacolod City, 23-25 
M ay
V . P e n a f lo r id a  - 5 th  C hem istry  C ongress, Los 
B anos, L aguna, 25-27 M ay
V. A la v a  an d  I .  B o r lo n g a n  - 14th  A nnua l Conven­
tion  of th e  Philipp ine B iochem istry  Society, 23- 
30 M ay, an d  Sem inar-W orkshop on Basic 
Concepts in  B iochem istry, 2  Ju n e , M anila
V . S u l i t  - Iloilo P rovincial A gricu ltu ra l a n d  F ishery  
Council (PAFC) W orkshop, Iloilo C ity, 8 Ju n e
C. M a r te ,  O . M il la m e n a , M .C .L . B a t ic a d o s ,  F . 
P a s c u a l,  C . V illeg as , I. D o g m a , J r . ,  A . P o n c e, 
J .  P r im a v e r a ,  G . P o  a n d  A . S a n t ia g o  - Re­
gional W orkshop on th e  N a tio n a l A quatic 
Resources R esearch  an d  D evelopm ent System s 
Five Y ear R  an d  D P lan , U niversity  of th e  
P hilipp ines in  th e  V isayas (UPV), Miag-ao, 
Iloilo, 15-17 J u n e
J .  P r im a v e r a  - M odule II: T ra in in g  Design and  
M ethodology, PHRDC, M anila, 19-23 J u n e
J .  L a g o c , R . B u e n d ia  a n d  A . S u r t i d a  - T rain ing- 
W orkshop on Basic P r in t M ate ria ls  Production 
T echniques, PHRDC, M anila , 19-30 J u n e
L . C a b a b a s a y  - M ini-M icro CD S/ISIS Assembly, 
M anila, 21-23 June.
A . T r iñ o  an d  R . B u e n s u c e s o  - F ir s t  Iloilo Sm all 
F ishpond O perato rs A ssociation M eeting, Iloilo 
City, 30 J u n e
P . T r iñ o  - T ra in in g  course in  Office A utom ation, 
Iloilo City, 10-14 Ju ly
R . A lg e r  - SGV F oundation  L ectures, M etro M a­
n ila , 24-28 Ju ly
F . P a s c u a l ,  E . R o d r ig u e z ,  N . S o lis , A . T r in o ,  L  
T u b u r a n  an d  K . C o r r e  - S hrim p F arm er 
W orkshop, M etro M anila , 28-29 Ju ly
J .  S a l ie n te  - T ra in in g  on E valua tion  an d  M onitor­
ing  (M odule III), PHRDC, M etro M anila , 21-24 
A ugust
D . B a t ic a d o s  - S em in ar on R ela tin g  Perform ance 
A ppraisal w ith  C om pensation, M etro  M anila, 
21-25 A ugust
C . C e n d a ñ a  and  M . J u n i o  - T echnical W riting  
P rogram , DAP, T ag ay tay  C ity, 4-8 Septem ber
M . R . L u h a n  - S em in ar on L igh t M easu rem en t 
an d  O th er Topics R elated  to  P la n t G row th and  
A quatic Resources, Los Banos, L aguna , 12-13 
October
M . O r te g a  - Sem inar-W orkshop on C ataloguing 
an d  C lassification an d  S tra teg ie s  for C om put­
erization  of L ib rary  Processes, B atac, Ilocos 
N orte, 19-21 October
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S. San Juan  and R. Mamauag - Technical Writing 
Program at the Development Academy of the 
Philippines, Tagaytay City, 23-27 October
A. Arago and R. Eguia - Tilapia Genetics Work­
shop, Central Luzon State University, Munoz, 
Nueva Ecija, 30 October-6 November 
W. Gallardo - ASEAN Symposium on Bivalves at 
PHRDC-SRDC, Dagupan City, Pangasinan, 6- 
8 November
R. Alger and six Finance staff - Symposium on 
The Central Bank, the Banking Institutions 
and the Public: Tripartism Towards National 
Development, Iloilo City, 9 November 
Staff of Finance Division and Internal Audit 
- Operations Seminar and Update Sessions (7 
sessions) conducted by SGV Auditors, 
SEAFDEC/AQD, Tigbauan, Iloilo, starting 10 
November
G. Garcia - Information Systems Planning Semi­
nar, 14 November-9 December, and the Train­
ing Course on Management and Implementa­
tion of Foreign-Assisted Projects, 27 Novem­
ber-8 December, Makati, Metro Manila
H. Jun taria  - Training in Audio-visual Equip­
ment Repair and Maintenance, PHRDC, Metro 
Manila, 19 November-8 December
N. Ebron, E. Natividad and A. Duremdez - 
Conference/Seminar on Business Management, 
Metro Manila, 20-24 November
J . Al mendras - French language course at Alli­
ance Francaise, Cebu City, 1 December to 
January 1990, in connection with 4-year schol­
arship grant in France
M.G. Gariando -Seminar on Infratic Analyzer, 
Metro Manila, 4 December
A. Ponce - 5th Seaweed Industry Conference, 
Cebu City, 7-8 December
J. Prim avera - Round-Table Discussion on Phil­
ippine Fisheries Policies, Department of Sci­




L arva l Food Laboratory
Phytoplankton (10,400 l) and zooplankton (150 l) 
cultures were used in six research studies and two train ­
ing courses during the period. Starter cultures of phyto­
plankton and zooplankton in liquid (1338 l) and solid (71
Batch cultures of algal food for shrim p and  finfish larvae.
agar slants) media and 49 sets of enriched media stock 
solutions were also prepared for private hatchery opera­
tors.
Adult Artemia biomass was harvested mainly for 
feeding sea bass larvae used in several AQD research 
studies. The hatching efficiency of an Artemia cyst 
sample from a Cebu hatchery operator was determined.
Centralized Analytical Laboratory
Samples of water (1415), feed (336), and soil (165) 
were analyzed. Water and feed samples came from 
ongoing research studies at AQD (97% and 86%, respec­
tively), while the rest came from the private sector. 
Water samples were analyzed for pH, nitrite-nitrogen, 
ammonia-nitrogen, orthophosphate, total alkalinity, and 
dissolved oxygen. Feeds were analyzed for moisture, 
crude protein, fat fiber, ash, calcium, and phosphorus 
content. Soil samples mostly came from the private 
sector (83%) and were analyzed for pH, organic matter, 
potential acidity, phosphorus, and available iron sulfate.
Diagnostic Services
A total of 267 cases of shrimps (204), finfishes 
(26), and other samples composed of water, molluscs, and 
seaweeds (37) were processed during the period. Major­
ity of the cases came from the private sector (89%), the 
rest from AQD.
Microtechnique Service Laboratory
Some 2,220 samples of various organs and larval 
stages of finfishes and shrimps were processed during 
the period. Slide preparations (4,850) were serviced to 
study leaders of AQD research studies.
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O ther A ctiv ities
Cooperation w ith Non-Member Govern­
ments and Other Organizations
Governm ent o f  France
• Staff Development
A. Gallego completed a one-year training on bi­
valve culture in France in January 1989.
Governm ent o f  the N etherlands
• Training
Through the Direct Aid to Educational Establish­
ments in Developing Countries Programme, the Govern­
ment of the Netherlands provided fellowships for six 
participants from ASEAN countries to attend the Fish 
Health Management Training course held from 16 Feb­
ruary to 14 March 1989 at TRS.
A rtem ia Reference Center (ARC) o f  Belgium
• Research Projects
Artemia Applied Technology Programme (3 years: 
1987-1990)
Also in collaboration with Belgium Ministry of 
Foreign Affairs - ABOS.
(a) The use of Artemia biomass as a dietary 
ingredient in formulated diets for Penaeus monodon 
postlarvae.
(b) Feeding of different nutritional quality 
Artemia to finfish and prawn larvae.
(c) Intensive biomass culture of Artemia in 
airwater lift raceway and flowthrough systems.
(d) Effect of emi-emi (by product in the manu­
facture of monosodium glutamate) and chicken manure 
on Artemia cyst and biomass production (yield and qual­
ity) in ponds a t different salinities.
National Bangus Breeding Program larval rearing facili­
ties in Pangasinan.
• Training
Training Course in Culture of Natural Food Organ­
isms
Technical and expert assistance were pro­
vided by ARC in the conduct of the training course.
• Staff Development
(1) D. Estenor completed MS degree program in 
Marine Ecology a t Vrije Universiteit Brussels, Belgium 
in September 1989.
(2) A. Duller and D. Reyes, Jr. trained on Artemia 
research a t ARC, Belgium, August-October 1989.
Food and A griculture O rganization  (FAO/UNDP)
• Research Projects
(1) Regional research programme on the relation­
ships between ulcerative syndrome in fish and the envi­
ronment (2 years: 1988-1990).
(2) Histo-chemical studies on the early stages of 
development of the digestive tract of sea bass, Lates 
calcarifer Bloch (Thesis Research).
• Training
Training Course for Senior Aquaculturists in Asia 
(1981-1987, 1988-1989)
Eighteen participants completed the one- 
year seventh UNDP/FAO-NACA-UPV-SEAFDEC/AQD 
Senior Aquaculturists Training Course, SEAFDEC/AQD 
Tigbauan, Iloilo, Philippines on 16 March 1989.
International D evelopm ent Research Centre (IDRC) 
o f  Canada
• Research Projects
(1) National Bangus Breeding Program [at the 
four selected regions in the country (3 years: 1986-1989)]. 
Ongoing.
Also in collaboration with the Department of 
Agriculture (DA)- Bureau of Fisheries and Aquatic Re­
sources, Philippines.
(2) Growth, feed utilization, and body composition 
of young red tilapia given diets with various protein and 
energy levels (10 months: January-October 1989; Started 
in January 1989).
(3) Genetic evaluation and selective breeding of 
Oreochromis niloticus for broodstock development (3 
years: 1986-1989).
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(a) D evelopm ent of sa lin ity -to le ran t hybrids/ 
s tra in s  of Oreochromis n ilo ticus  for b rack ish w ater cul­
tu re . II. G row th perform ance of O. niloticus, O. m ossam ­
bicus an d  th e ir  F 1 hyb rid s a t  various salin ities. S ta rted  
in  M arch 1988.
(b) D evelopm ent of genetic evaluation  an d  
selection c r ite ria  for tila p ia  broodstock: IV. Effect of 
restric tive an d  non-restrictive feeding on grow th of s tra in s  
o f Oreochromis niloticus. S ta r te d  in  F eb ru ary  1989.
(c) D evelopm ent of a  high-yield red  tilap ia  
s tra in  th ro u g h  in trogressive hybrid ization. S ta rted  in  
M arch 1989.
(d) G row th perform ance evaluation  of two 
Oreochromis n ilo ticus  s tra in  in  two lake environm ents. 
S ta r te d  in  M arch 1989.
(4) F ish  Microbiology (3 years: 1989-1992)
Also in  collaboration w ith  Sim on F rase r U niver­
sity, B urnaby , B.C., C anada.
(a) Investiga tions on th e  vertical an d  horizon­
ta l  tra n s fe r  m echan ism s of th e  lum inescen t bacterium , 
Vibrio harveyi, affecting  Penaeus monodon  larvae. S ta rted  
in  J u n e  1989.
(b) H istopathology of epizootic u lcerative syn­
drom e in  some fre sh w a te r fishes of L aguna de Bay, 
Philippines. S ta r te d  in  J u n e  1989.
(c) A quatic fungi in  th e  etiology of epizootic 
u lcerative syndrom e (EUS). S ta r te d  in  S eptem ber 1989.
(d) V ira l an d  bac teria l etiology of th e  epizootic 
u lcerative syndrom e (EUS). S ta rted  in  J u n e  1989.
(5) S eafarm ing  in  th e  Philippines: S ite  selection (1 
year: 1989-1990). S ta r te d  in  J u n e  1989.
O cular survey of 10 po ten tia l s ites  for a  pilot 
seafarm ing  an d  coasta l enhancem en t cen ter h a s  been 
conducted. O f 10 sites, 5 cand idate  sites  w ere selected 
based  on th e  c r ite ria  fo rm ula ted  by th e  socioeconomics 
an d  biological team s. A  questionnaire  h a s  been drafted  
an d  tra n s la te d  in to  local d ialect by th e  socioeconomic 
team . P re -te s tin g  of th e  in s tru m e n t is ongoing. L inkages 
w ith  non-governm ent organizations (NGOs) who will 
a ss is t in  project im plem entation  have  been  established.
• Inform ation
B rack ishw ater A quacu ltu re  Inform ation System  
(BRAIS). P hase  II  (2 years: 1987-1989)
• S ta ff D evelopm ent
(1) C. Pitogo a tten d ed  th e  10-day tra in in g  course in 
shrim p pathology a t  th e  U niversity  of Arizona, U.S.A., in 
Ju ly ; an d  also th e  th ree -m on th  tra in in g  course in  bacte ­
riology a t  S im on F ra se r  U niversity , B urnaby, B ritish  
Colum bia, C anada , in  A ugust.
(2) G. Lio-Po, undertook  a  tw o-m onth (Septem ber- 
October) tra in in g  in  fish  virology a t  Pacific Biological
S ta tion  in  B ritish  C olum bia, C an ad a , p re p a ra to ry  to a  
Ph.D. program .
(3) Fellow ship g ra n t  fo r a  Ph.D . degree p rogram  
w as aw arded  to  Z. B asiao  b eg inn ing  Septem ber.
I n te r n a t io n a l  F o u n d a tio n  f o r  S c ie n c e  (IFS)
• R esearch  Projects
(1) Effect of tem p era tu re  an d  ra tio n  size on grow th 
an d  energy  u tiliza tion  of sea  b ass  (3 y ears: 1988-1991)
(a) Food consum ption, feed ing  ra te , sa lin ity  and  
tem p era tu re  to lerance o f sea  b ass  fry  an d  fingerlings; 
s ta rte d  in  A pril 1989.
(b) Food consum ption o f sea  b a ss  (L a tes calcar­
ifer)  in  captivity: G roup feeding; s ta r te d  in  M arch 1989.
(2) Iso lation  a n d  ch a rac te riza tio n  of a  fem ale-spe­
cific p lasm a p ro te in  (vitellogenin) in  m ilkfish , Chanos 
chanos F o rssk a l (2 years: 1988-1989; s ta r te d  in  J a n u a ry  
1989).
(3) P reven tion  of A erom onas hydroph ila  infection 
am ong C hanos chanos  (Forsskal) by  vaccination  (3 y e a rs : 
1989-1992; s ta r te d  in  J u n e  1989).
U n iv e r s ity  o f  H o h en h eim , G e rm a n y
• R esearch Project
Investigation  on th e  energy req u irem en t of m ilkfish 
du rin g  s ta rv a tio n  an d  grow th. (L e tte r of In te n t signed 
F eb ru ary  1988; MOA u n d e r negotiation)
U n iv e r s ity  o f  R h o d e  I s la n d  ( URI)
URI-SEAFDEC/AQD C ollaboration (1987-present).
National Institutes and Agencies
D ep a r tm e n t o f  A g r ic u ltu re  - B u rea u  o f  F isheries  
a n d  A q u a tic  R esou rces (DA-BFAR)
N ational B angus B reed ing  P rogram  (NBBP) (1980- 
present).
P h ilip p in e  H u m an  R esou rces D eve lopm en t C en ter
F or collaboration in  th e  p lann ing , im p lem entation  
an d  review  of program s, projects, a n d  ac tiv ities  re lev an t 
to  aq u acu ltu re  developm ent in  th e  region (Septem ber 
1989-present).
UP in  th e  V isayas/U P  D ilim a n  - N S R C
A lgal food p reference an d  effect on grow th of P la ­
cuna p lacenta  la rv ae  an d  sp a t; s ta r te d  in  Septem ber 
1989.
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VISITORS AND GUESTS
A stream of visitors and guests visited 
AQD in 1989. From the general public were 
investors, fish farmers, teachers, and students. 
Administrators, policy makers, and officials of 
different governments also came as well as 
researchers and scientists of other research 
institutions.
Among the dignitaries and scientists who visited 
AQD in  1989 were:
M r. L u q u e m a n  A hm ed , Jo in t Chief, M inistry of 
Fisheries and Livestock, Bangladesh
M r. R om eo  A lcasid , Director, Bureau of Animal 
Industry, DA, Quezon City, Philippines
D r. B . A m ang , Bulog, Indonesia
S e n a to r  A g a p ito  A q u in o , Chairm an, Senate 
Committee on Agriculture and Food, Philip­
pine Senate, M etro M anila, Philippines
M r. M. B . A zn a r, President, Southw estern Uni­
versity, Cebu City, Philippines
A tty . D. B a rb o sa , Undersecretary, D epartm ent of 
Agriculture, Quezon City, Philippines
D r. T h ira p h a n  B h u k a sw a n , Secretary-General 
and M r. K azu o  In o u e , Deputy Secretary-Gen­
eral, SEAFDEC Secretariat, Bangkok, Thai­
land
M r. E d g a r  B u rn a rd ,  M anager, Research and 
Development, Dam pier Division, W estern 
A ustralia
M r. L a u r e n t  C h a rb o n n e t, Vice Consul, and 3 
Consulate staff, US Consulate, Cebu City, 
Philippines
M r. F u -S h a n  C eng , C hung-A n C hen , Taiwan 
D r .  H o ra c io  C ocio  an d  M r. V ic e n te  Ma jad u c o n , 
A ssistan t Regional Directors, D epartm ent of 
Agriculture-VI, Iloilo City, Philippines
M r. C. D u la y , Provincial Agricultural Officer; and 
M s. H . T r in id a d , Chief, Research Division, 
D epartm ent of Agriculture - Region I, San 
Fernando, La Union, Philippines
M r. E . F a b e lla , Regional Director, DA-Region VI, 
Iloilo City, Philippines
M r. M o h a m m e d  F a ra s h u d d in , Deputy Resident 
Representative, UNDP, M anila, Philippines
D r. G ra h a m  A. E. G all, D epartm ent of Animal 
Science, U niversity of Califomia-Davis, Cali­
fornia, U.S.A.
D r. G o d o fred o  G allega , President, Philippine 
Association of S tate  U niversities and Colleges, 
and about 400 PASUC members, PASUC c/o 
W est Visayas S tate  University, Iloilo City, 
Philippines
D r. N oel G ille sp ic , A ssistant Director, together 
with Fisheries Biologists D r. J o h n  R u sse l 
and D r. C live K e e n e r  of the  Queensland 
D epartm ent of Prim ary Industries, A ustralia
D r. V ecch i G iu lia n o  and party , Rome, Italy
H on . N ev ille  H a rp e r , M inister; B a r ry  W hite, 
Director (Consultancies and  M arket Develop­
m ent) and B ob  B y g o tt, Executive Director 
(Special Duties), D epartm ent of Prim ary In ­
dustries, Queensland Government, Brisbane, 
A ustralia
S r i T u m i  H a r ta t i ,  Research Institu te  for M arine 
Fisheries, Ja k arta , Indonesia
M essrs . N oel H e rb s t, M u rra y  S ip f, T h a s ik  In ­
som , and O sc a r  d e  l a  L u n a , Queensland 
Resources Development Corporation, Brisbane, 
A ustralia
M r. Y uk io  H iru m a , Yokohama, Jap an
D r. V e ra v a t H o n g sk u l, Outgoing SEAFDEC 
Secretary-General, D epartm ent of Fisheries, 
Bangkok, Thailand
M r. K h. M. H o ssa in , Research Officer, M inistry of 
Fisheries and Livestock, Dhaka, Bangladesh
M r. M o a ra d  H o ssa in , Research Officer, MOFL, 
Bangladesh
M essrs . A b ra r  J u s s a in ,  G h u la m  M u sta fa  
G opang , Z a fa r  A li Q u e re sh i and A rb in d  
S in g h , Researchers, Pakistan
M r. K. K u b o ta , N iigata, Japan
M r. K a ts u n o b u  K u ro k i, Fisheries Experim ental 
Station, Kagoshima Perfecture, Kagoshima, 
Japan
D r. M.N. K u tty , NACA, Bangkok, Thailand
M essrs . D ave  L a rso n , G a ry  E d w a rd s , and 
H o w a rd  L a p id e s , CARGYLL, U.S.A.
M r. W.H. L ee , Kunsan N ational University, 
Kunsan, Korea
M r. T h o m as L in d e m a n n , Deputy Resident Rep­
resentative, FAO, M anila, Philippines
P ro f. E d u a rd o  L opez, Central Luzon S tate  Uni­
versity, Munoz, Nueva Ecija, Philippines
S en . P i la r  L u ja n , Legislative Secretary, Terri­
tory of Guam, U.S.A.
D r. G ra h a m  C. M a ir, University of Wales, Col-
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G uests an d  visito rs a re  a  com mon sigh t a t  AQD. Top (from 
left), C ongressm en D avid Ponce de Leon an d  O scar Santos, 
w ith  the  D ep a rtm en t C hief a n d  D ep a rtm en t D eputy  Chief; 
r igh t, D r. T h irap h a n  B hukasw an , SEAFDEC S ecretary-G en­
era l, w ith  AQD A dm in istra tive  D ivision H ead.
lege of Swansea, U.K.
Mr. Md. A. Majid, Assistant Chief (Planning), 
Directorate of Livestock Services, Dhaka, 
Bangladesh
Mr. A.N. Marasigan, and participants in the 
UNESCO Regional Workshop on Marine Phyto­
plankters in the Southeast Asian Region, UPV, 
Miag-ao, Iloilo, Philippines
Dr. M. Martirez, UPLB-UNESCO, Los Banos, 
Laguna, Philippines
Mr. Andrew McNaughton, Program Officer 
(Aquaculture and Artisanal Fisheries), IDRC, 
Singapore
Kamal Zaman Mohammed, Fisheries Research 
Institute, Glugor, Penang, Malaysia
Mohammed Abdul Mojid, Asst. Chief, Planning 
and Livestock Services, Bangladesh
Dr. P.K. Mukhopadhyay, Fish Scientist, Deep­
water Rice Project of India
Dr. Yont Musig, ThaiBRAIS Project Leader, 
Kasetsart University, Bangkok, Thailand
Mr. Michael B. New, Coordinator, ASEAN-EEC 
Aquaculture Development and Coordination 
Programme, Department of Fisheries, Bang­
kok, Thailand
Messrs. Yang Ningsheng, Director of Informa­
tion Resources; Wang Yu, Vice-Director and 
Zheng Weizhong, Chinese Academy of Fish­
ery Sciences, Beijing, People’s Republic of China
Mr. Enzo Pezzini and Mr. Savino Marinelli, 
MEDIACOOP, Italy
Mr. R. Piadozo, Dept. of Community and Envi­
ronmental Resources Planning, College of 
Human Ecology, UP Los Banos, Laguna
Mr. Augusto Pongos, RAFC Chairman, Ormoc 
City, Philippines
Mr. M. Quickshank and Dr. Maynard, University 
of Hawaii, U.S.A.
Mr. Nuanmanee Rongratri, National Aquacul­
ture Genetics Institute, Bangkhen, Bangkok 
Dr. D.S. Salting, Agricultural Attache, Philippine 
Consulate, Brisbane, Australia
Congressman Oscar Santos, Member, House 
Committee on Agriculture and Food, House of 
Representatives, Metro Manila, Philippines
Dr. G. Sathiyaamporthy, Asst. Director of Fish­
eries, Government of India
Dr. M.S. Shah, Fisheries Research Institute, Bang­
ladesh
Ms. E.P. Solis-Duran, Marine Laboratory, Silli­
man University, Dumaguete City
Messrs. Chhea Song, Chan Tong Yues, Chey 
Savong and Ly Kim Han, Ministry of Agricul­
ture, Phnom Phen, Vietnam
Dr. Patrick Sorgeloos, Mr. Patrick  Lavens, 
and Mr. Gilbert Vanstappen, Artemia Refer­
ence Center, State University of Ghent, Bel­
gium
Mr. Sutomo, Indonesian Institute of Sciences, 
Jakarta, Indonesia
Dr. Valle and Mr. Ikeda, International Rice 
Research Institute, Los Banos, Laguna, Philip­
pines
Mr. A. Whipp, Roussel UCLAF, Singapore
Mr. James Winfree, Jr., Louisiana State Univer­
sity, Baton Rouge, U.S.A.
Mr. Tirapan Yampenyaan, Fisheries Tech. 
Development Division, Department of Fisher­
ies, Thailand
Mr. Weldong Zhou, Fisheries Specialist, Asian 
Development Bank, Manila, Philippines
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U niversity of Michigan 
1970
Fish  H ealth
Duray, M arietta M.S. (Biology)
University of San Carlos 
1977
Fish H atchery
Em ata, Arn il* M.S. (Zoology)
Louisiana S tate  University 
1983
Fish  Breeding
Estenor, Demetrio M.S. (M arine Ecology)
Vrije Universiteit 
1989
Larval Food C ulture
Estepa, Fe Dolores M.S. Fisheries (Aquaculture)
University of the  Philippines in the  Visayas 
1982
C rustacean H atchery
Eusebio, Perla** M.S. (Animal Science)
U niversity of the  Philippines a t  Los Banos 
1978
A quaculture N utrition
Ferm in, Armando M.S. (Aquaculture)
Central Luzon S tate  University 
1985
Fish H atchery
Ferm in, Josefa M.S. (Zoology)
University of the Philippines, Diliman 
1982
Fish Breeding
Fernandez, Roselyn* M.S. Fisheries (Aquaculture)
University of the Philippines in  the  Visayas 
1983
Fish H ealth
Gallardo, W enresti** M. Aquaculture
University of the Philippines in the Visayas 
1989
Mollusc C ulture
Gallego, Amalia* M.S. Fisheries (Aquaculture)
University of the Philippines in the Visayas 
1986
Fish H atchery
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Garcia, Luis M aria M.S. (Zoology)
U niversity of Alberta 
1984
Fish Physiology








Javellana, Gilda M.S. (Zoology)
U niversity of the Philippines, Diliman 
1985
Crustacean Hatchery
Lacanilao, Flor Ph.D. (Fish Physiology)
University of California a t  Berkeley 
1971
Fish Breeding
Lacierda, E rlinda M.S. (M arine Biology)
University of the Philippines, Diliman 
1981
Fish H ealth
Ladja, Jocelyn M. Aquaculture
U niversity of the Philippines in  the  Visayas 
1989
Mollusc Culture
Lio-Po, Gilda M. Public H ealth (Microbiology)
U niversity of the Philippines, M anila 
1973
Fish H ealth
M arte, C larissa M.S. (Zoology)
U niversity of the Philippines, Diliman 
1971
Fish Breeding
M illam ena, Oseni M. Engineering (Environm ental Engineering)
Asian Institu te  of Technology 
1968
A quaculture N utrition
Palisoc, Ferm in J r . M.S. (Zoology)
University of the Philippines, Diliman 
1982
Fish H ealth




Pascual, Felicita s Ph.D. (Nutrition)
Iowa S tate  University 
1968
Aquaculture N utrition
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Penaflorida, Veronica M. Agriculture (Animal Science)
W est Visayas S ta te  College 
1979
A quaculture N utrition
Pitogo, Celia M.S. (M arine Biology)
U niversity of the  Philippines, Diliman 
1984
Fish  H ealth








Quinitio, Em ilia M.S. Fisheries (Aquaculture)
University of th e  Philippines in the  Visayas 
1980
C rustacean Breeding




Rodriguez, Edw ard M.S. Fisheries Science
N agasaki University 
1987
Pond C ulture
Romana, Ma. Rowena M.S. (Genetics)
University of Wales 
1985
A quaculture Genetics
Sam onte, Giselle** M. M anagem ent
University of the  Philippines a t  Los Banos 
1988
A quaculture Economics








Solis, Noel M.S. (Biology)/M. Aquaculture
University of San Carlos/University of the  
Philippines in  the  Visayas 
1976/1983
Ecology and  Pond C ulture
Subosa, Prescilla B.S. (Chemical Engineering)
M apua Institu te  of Technology 
1971
A quaculture N utrition
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Sum agaysay, Neila** M.S. Fisheries (Aquaculture)
U niversity of the Philippines in  the  Visayas 
1988
Pond Culture
Tam se, Catherine* M.S. Fisheries (Aquaculture)
U niversity of the Philippines in  the  Visayas 
1979
Fish H ealth




Trino, Avelino M.S. Fisheries (Aquaculture)
University of the Philippines in  the  Visayas 
1986
Pond Culture
Tuburan, Isidra M.S. Fisheries (Aquaculture)
U niversity of the Philippines in the  Visayas 
1980
Pond Culture
Ver, Leo Michael* M.S. (M arine Biology)
University of the Philippines, Diliman 
1981
Shellfish Culture
Villegas, C esar Ph.D. (P lant Breeding)
Iowa S tate  University 
1970
Aquaculture Genetics
Young, P aci e n cia* M.S. (Biology)




Am ar, Edgar M. Aquaculture
U niversity of the Philippines in  the  Visayas 
1987
T rain ing  Officer
Corre, Kaylin M.S. Fisheries (Aquaculture)
U niversity of the  Philippines in  the  Visayas 
1983
T rain ing  Officer
Lacierda, Rodrigo M. Aquaculture
University of the  Philippines in  the  Visayas 
1984
T rain ing  Officer
Saliente, Jessica M. Aquaculture
U niversity of the  Philippines in the  Visayas 
1989
T rain ing  Officer
*On leave, **contractual
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A Q D  O R G A N IZ A T IO N A L  C H A R T
O ff ic e  o f  th e  C h ie f
D e p a r tm e n t  
C h ie f
D e p a r tm e n t  
D e p u ty  C h ie f
In te r n a l  
A u d it
L ia is o n  
O ff ic e
D iv is io n s
R e s e a r c h
S e c t io n s
B r e e d in g
N u r s e r y
F a r m in g  S y s t e m s
F e e d  D e v e lo p m e n t
F is h  H e a lth
T r a in in g  &  
In fo r m a t io n
T e c h n o -T r a n s fe r
A u d io v is u a l- P r in t
L ib r a r y
A d m in is t r a t iv e
P e r s o n n e l
E n g in e e r in g
G e n e r a l  S e r v ic e s
F in a n c e
A c c o u n t in g
C a s h ie r in g -B u d g e t
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Aquaculture Department Addresses
TIGBAUAN MAIN STATION
Tigbauan, Iloilo, Philippines 5021 
Telephone: 8-13-40, 7-66-42 
Cable: SEAFDEC ILOILO 
Fax: 63-33-81340 
Mailing Address:




Suite 901, State Financing Center Bldg., 
Ortigas Avenue, Mandaluyong, 
Metro Manila, Philippines 1501
Telephone: 721-5768, 721-5769 
Cable: SEAFDEC MANILA 
Telex: 29078 SEAFDC PH 
Fax: 63-2-7211342
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